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Technical and Social 
Interests Blend 

You will never know a man until you haveseen him in 
his own home, and a man’s home is in the hearts of his 
family. A member of the Institute who brings his wife 
and children to the Annual Convention brings his home 
also and bids us enter. We gladly do so, and from that 
moment, we feel that there is a family relationship 
which binds all to one another as well as to the Institute. 
Membership in the Institute then assumes a different 
meaning; to the community of scientific and profes- 
sional interests there is added a community of human 
interests, and this transforms the Institute into a 
spiritual being. 

No organization can grow and prosper until it cul- 
tivates the spiritual elements of its life. That is the 
object of the social side of our conventions. Reading 
papers and discussing them supplies food for the 
intellect, but dancing, playing golf, or any other game 
with the members of your friends family, excursions 
and informal conversations, are feasts for the spirit, 
and without the guidance of the spirit, one cannot find 
the way into a man’s heart. A scientific organization 
if it is to perform its highest mission, must be a union 
of hearts as well as a union of minds. 

These were the thoughts which suggested themselves 
to my mind as I watched the various events at the 
Saratoga convention, and they confirmed my belief 
that the social part of the program of our conventions is 
just as important as the technical. The Institute is an 
autonomous living organism, and its life depends upon 
one almost as much as upon the other. The charming 
excursion and entertainment at Schenectady illustrates 
this point. There we saw a wonderful plant, the result 
of intellectual activity of the members of the Institute; 
that is, many of us thought so, and felt that we were 
justified in thinking so. Were not two of the most 
distinguished men of the General Electric Company 
Presidents of the Institute, and are not this company’s 
able engineers and scientific men among the most 
enthusiastic members of the Institute? Of course, we 
were justified in our proud belief, but, nevertheless, the 
affectionate hospitality of that great organization was a 
welcome demonstration of the correctness of our 
judgment. It told us that the whole General Electric 
Company considers itself a part of our Institute 
family, and that our relationship is held secure not only 
by bonds of intellect but also of spiritual interests. As 
long as such bonds unite us to one another and to the 
great electrical industries of the United States, no one 


need feel anxious regarding the bright future of the 
Institute. 
M. I. PUPIN 


Some Leaders 


of the A. I. E. E. 


John William Lieb, the Seventeenth President of the 
A. I. E. E., was born in Newark, New Jersey, February 
12, 1860. Attended the Newark Academy and Stevens 
High School, Hoboken, New Jersey; on graduation 
from the latter entered the Stevens Institute of Tech- 
nology, Hoboken, New Jersey, in the class of 1880, 
graduating with the degree of Mechanical Engineer 
and receiving in 1921 the honorary degree ‘of Doctor 
of Engineering from his alma mater. 

In 1880, he entered the employ of the Brush Electric 
Company, Cleveland, Ohio, as Draftsman. Returning 
to New York in January 1881, he entered the employ 
of the Edison Electric Light Company as Draftsman 
in the Engineering Department. In 1881 he was trans- 
ferred to the Experimental and Testing Department 
at the Edison Machine Works, Goerck Street, New 
York, engaged in researches and investigations under 
the personal direction of Mr. Edison. In 1882 he was 
assigned to the Pearl Street Station in general charge 
of the planning and installation of the electrical equip- 
ment, and on September 4, 1882, when the station was 
put into commission under the auspices of the Edison 
Electric Illuminating Company of New York, he was 
appointed its first Electrician. 

In November 1882 he was selected by Mr. Edison to 
proceed to Milan, Italy, to direct the installation of the 
Milan Edison Station. On the organization of the 
Societé Generale Italiana di Elettricita, Sistema Edison, 
he was appointed its Chief Electrician, then its chief 
engineer and finally Technical Manager and Director 
of Stations. The Milan Station was for a considerable 
time the largest and most successful electric light and 
power station in Europe. For his pioneer work in 
connection with the introduction of electric light and 
power service throughout Italy and the installation of 
the electric trolley system in Milan, he was decorated 
by the Italian Government a Knight Commander of 
the Royal Order of the Crown of Italy and later pro- 
moted to be a Grand Officer. _ 

In 1894, Mr. Lieb returned to America as Assistant to 
the Executive of the Edison Electric Illuminating Com- 
pany of New York, and later became third Vice Presi- 
dent and General Manager, serving in this capacity 
until the company’s absorption by the New York 
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Edison Company in 1901. His service in the reorgan- 
ized company was first as Associate General Manager, 
then as Vice President, and finally as Vice President 
and General Manager, which position he at present 
occupies. 

Mr. Lieb is a Vice President and a Director of The 
New York Edison Company, Vice President and mem- 
ber of the Board of Directors of the Yonkers Electric 
Light and Power Company, member of Board of Direct- 
ors of The United Electric Light and Power Company 
and of The New York and Queens Electric Light and 
Power Company, Vice President of the Edison Electric 
Light and Power Installation Company, member of the 
Board of the International Power Securities Corpora- 
tion, of the Brush Electric Illuminating Company, of 
the Empire City Subway Company, and President and 
Chairman of the Board of The Electrical Testing 
Laboratories. 

Mr. Lieb is a Past President of the Edison Puneet 
a Past President and Fellow of the American Institute 
of Electrical Engineers, Past President of the Associa- 
tion of Edison Illuminating Companies, the National 
Electric Light Association and the New York Electrical 
Society; Past Vice President of the American Society 
of Mechanical Engineers and Fellow New York Acad- 
emy of Sciences; Member American Society of Civil 
Engineers, Illuminating Engineering Society, American 
Association for the Advancement of Science, American 
Society for the Promotion of Engineering Education, 
Franklin Institute of Philadelphia and numerous other 
professional and civic organizations national and local. 
He is an Honorary Member of the American Society of 
Italian Engineers and Architects, and of the Society 
of Italian Railway Engineers and a member of the 
Associazione Electrotecnica Italiana, British Institu- 
tion of Electrical Engineers, and the Newcomen Society 
of London. 

On February 4, 1924, Mr. Lieb was awarded the 
Edison Medal by the American Institute of Electrical 
Engineers for his work in connection with the develop- 
ment and operation of electric central stations for 
ilumination and power. 


Revised Constitution 
and By-Laws 


As announced in previous issues of the JOURNAL, the 
proposed amendments to the Constitution of the 
Institute, as submitted to the membership for a letter- 
ballot under date of February 25, 1925, were all adopted 
at the Annual Meeting of the Institute held May 15. 
Amended By-laws, as revised to harmonize with the 
amended Constitution, were adopted by the Board of 
Directors on June 25. 

The principal changes made in the Constitution were 
as follows: 

(a) The qualifications for admission to the grade 
of Associate were more clearly defined. 


(b) The admission fee for the grade of Associate 


was increased from $5.00 to $10.00 and the annual dues ; 


for Assocates of six years or more standing were in- 
creased from $10.00 to $15.00. 

‘(c) Life membership was placed upon an actuarial 
basis so that the fee to be paid depends upon the age 
of the applicant. 


(d) Exemption from and remission of dues was © 


provided to apply to members of long standing who have 
helped to build up the Institute and who for various 
reasons may find it a hardship to continue to pay 
annual dues. 


(e) The procedure for the election of officers of the 
Institute was completely revised, as recommended by a 
special committee appointed by the Board of Directors 
to consider the various demands that have frequently 
been expressed by numerous members for improvement 
in the election procedure. Under the new plan a 
National Nominating Committee will be organized in 
the Fall of each year, consisting of fifteen members, one 
selected by the Executive Committee of each of the ten 
Geographical Districts and the remaining five to be 
selected by and from the members of the Board of 
Directors. Provision is also made for other nominees 
in addition to those officially named by the National 
Nominating Committee. 

(f) The titles of the Treasurer and Secretary were 
changed to National Treasurer and National Secre- 
tary, respectively. 

The principal changes made in the By-laws were for 
the purpose of definitely establishing the details of 
procedure in order to carry out the intent of the 
amended portions of the Constitution. The duties of 
the various committees of the Institute have also been 
more fully and definitely defined. Several new By- 
laws have been incorporated, including those relating 
to the organization and conduct of general conventions 
and regional meetings. Provision for the appointment 
of a counselor of each Student Branch was also made, 
these counselors to become ex-officio members of the 
Committee on Student Branches. Other amendments 
of minor importance were also included. 


In formulating the amended Constitution and By- 
laws the Revision Committee carefully considered. all 
the suggestions received from various Sections, Com- 
mittees, and individual members of the Institute; and 
the two documents constitute a fairly complete code 
of procedure covering the established practise in carry- 
ing on the numerous activities of the Institute. 

The amended Constitution and By-laws will be incor- 
porated in the 1926 YEAR Book but in the meantime 
pamphlet copies of both the Constitution and By-laws 
are available and may be obtained, without charge, 
by any member of the Institute upon application to 
Institute headquarters in New York. 


F. L. HUTCHINSON, National ‘Secretary. 
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Corona Investigation 


on an Artificial Line 


BY MURRAY F. GARDNER* 


Associate A. I. E. E. 


Synopsis—Accompanying corona on a transmission line; there 
has been found, in several cases, an appreciable increase in the 
line charging current over that indicated by the usual formula. 
This has been taken to indicate an increased line capacitance result- 
ing from the presence of the corona envelope about the conductors, 
and has, for this reason, come to be described as the extra-capacity 
effect of corona. This explanation, by an envelope, however, has 
not been entirely satisfactory, and the question has arisen as to 
whether the current increase could not have been equally as well 
attributed to the current and voltage harmonics which the corona 
introduces. 

The paper describes an investigation made of this extra-capacity 
effect on an artificial transmission line using artificial corona. 
In avoiding, by means of this method, the glow discharge of real 
corona, all envelope effects were eliminated. The operation of the 
artificial corona is described, and the results given of the tests which 
were made in checking its characteristics against those of real corona. 

By means of the artificial corona is shown that it is possible to 
obtain the extra-capacity effect of corona without having present an 
tonized envelope. The explanation is offered that at least the larger 


portion of this effect found on transmission lines under corona 
conditions is apparent only; that it is a result of the approximate 
method by which the line capacitance is calculated, and the increased 
admittance which the line offers to currents of harmonic frequencies. 

The effect of corona leakage in altering potential rise on an open 
line is shown by representative voltage distribution curves taken on 
an artificial line with and without the corona leaks operating. 
From a comparison of these curves it appears that the leakage of 
corona plays a predominant part in the establishment of the resultant 
vollage, the harmonics caused by the corona in no case producing 
unusual resonance effects or extra-potential rises. Thisisimportant 
largely for the indication it gives that the present methods of pre- 
determining voltage distribution on open lines for corona conditions 
are accurate within the limits of engineering accuracy. 

Qualitative results are given showing the effectiveness of corona 
leakage in reducing traveling waves such as result from switching 
operations. Two oscillograms of the same transient are shown, one 
taken with the corona leaks operating and the other without. The 
much shorter duration of the transient in the former case is evidence 
of the corona’ s effectiveness in absorbing the energy of the disturbance. 


INTRODUCTION 

NDER ordinary conditions air is a good insulator, 

but it loses this quality when subjected to an exces- 

sive potential gradient, suchas occurs near the sur- 
face of the conductors of a transmission line when the 
voltage between lines is increased above a limiting value. 
In this region of maximum stress, ionization takes place 
and there is formed about each conductor an envelope 
of semi-conducting and luminous air, called corona. 
This envelope is believed to relieve the concentration 
of stress by increasing the effective diameter of the 
conductors. 

There is a minimum corona-forming voltage, é, for 
every line, dependent upon the configuration of its 
conductors and the atmospheric conditions under which 
it operates. With an alternating voltage, the maximum 
value must exceed this critical voltage before corona 
forms. If much in excess, the corona starts at eo 
on the increasing portion of each half-voltage wave, 
and continues until a slightly lower value is reached on 
thedecreasing portion. Coronaunder these conditionsis 
pulsating, its frequency being double that of the voltage. 
This pulsation causes a cyclic change in line admittance 
which introduces harmonics, particularly the third.' 

Accompanying corona, there is a power loss which 
increases with the square of the excess voltage over the 
critical value. This is expressed by the formula’ 

p=c(e-e)? 
where p is in watts, c is a constant, e is the applied volt- 


*Massachusetts Institute of Technology. 

1. F.W. Peeks, Jr., “Voltage and Current Harmonics Caused 
by Corona,” Trans. A. I. E. E., 1921, p. 1155. 

2. F.W. Peek, Jr., “Dielectric Phenomena in High-Voltage 
Engineering,’’ 1920, p. 122. 

This paper was awarded the ‘First Paper Prize” of the Institute 
for the year 1924. Presented at the Boston Section Meeting of the 
A. I. EH. E., March 4, 1924. 


age, and é is the disruptive critical value for the line 
This quadratic law holds except in the neighborhood of 
€), where varied results are obtained due to surface 
irregularities on the conductors. 

Due to corona loss it has been customary to operate 
lines well below their corona-forming voltage. But with 
the large blocks of power now transmitted, it becomes 
feasible, with certain systems, to raise the operating 
voltage practically to the corona limit. In seasons of 
unfavorable weather it is to be expected, therefore, that 
portions of these systems will operate for considerable 
periods in a state of corona. 

This continual presence of corona, in addition to 
causing high energy loss, may be a source of serious 
interference between the transmission line and neigh- 
boring communication circuits. The corona intro- 
duces an appreciable third harmonic, and this is within 
the range of audibility in the case of a 60-cycle current. 
If the power system is three-phase and has its trans- 
formers connected in grounded-Y, these triple-frequency 
currents can flow through the three lines in parallel, 
combine in phase in the neutral, and complete their 
circuit through the ground. This induces troublesome 
voltage disturbances in paralleling telephone and tele- 
graph lines. If the power system does not have a 
grounded neutral, it is impossible for the third-harmonic 
currents to flow. To compensate for this, a third- 
harmonic voltage appears between each line and neu- 
tral.! These voltages, being in phase, cause the whole 
system to pulsate with a triple frequency to ground. 
This pulsation induces a voltage between lines and 
ground in the paralleling circuit which even transposition 
will not eliminate. It appears, therefore, that interfer- 
ence due to corona harmonics presents a serious problem 
in any extensive operation above the corona-forming 
voltage. 
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On the other hand, the presence or ready formation of 
corona may be of some advantage. It may assist in 
damping high-voltage transients. When operating 
near the corona limit, the rapidly increasing energy 
loss for slight rises in potential above normal is likely to 
be of considerable value in absorbing and quickly at- 
tenuating these disturbances. Corona’s real effective- 
ness in this respect, however, has not been definitely 
determined. 

The leakage effect of corona may also be of assistance 
in keeping down the magnitude of potential rise at the 
open end of a long line should the line accidentally 
become open-circuited. This reducing effect would be 
desirable, as the rise subjects the insulators to high 
potential strains, and causes the line to draw an exces- 
sive charging current from the connected generators. 

A further interesting feature of corona is the dis- 
crepancy found between the measured charging current 
for a line and that indicated by the usual formula, when 
voltages are used which are above the critical corona 
value.t As the line potential is raised from low values 
up to é, the charging current increased proportionately. 
Shghtly above, as corona forms, the current diverges 
from the linear relation; and for higher voltages, rises 
much more than proportionately. Since this is the 
same result as would be obtained were the line capaci- 
tance to increase above normal at these high voltages, 
the divergence has come to be described as the extra- 
capacity effect due to corona. 

There are several explanations of this non-linear 
increase of current. Usually it is explained by assuming 
the line capacitance to be increased due to a cyclic 
change in effective conductor diameter caused by the 
corona. To account for the total test charging current 
in this way, however, requires in some cases an effective 
conductor of from fifty to eighty times normal diameter. 


This explanation is also open to question due to the 
fact that it assumes that, were the capacitance to 
remain normal under corona conditions, the charging 
current would continue to rise linearly with the voltage. 
It is believed that the current might rise above the 
linear relation even with a normal capacitance, because 
of the corona harmonics. From this standpoint, it 
would seem more likely that the increase is the result: 

1. Of the very approximate method by which the 
capacitance current is calculated. 

2. Of the increase in admittance which the line, like 
any other circuit of relatively high capacitance, offers to 
currents of harmonic frequencies. 


In these two explanations there is involved no action 
of the corona envelope, the current increase being 
considered the result solely of harmonics. 


3. F. W. Peek, Jr., ‘‘The Effect of Transient Voltages on 
Dielectrics,” Journ. A. I. E. E., June 1923, p. 623. 

4. W. W. Lewis, ‘Some Transmission Line Tests,” 
A. I. E. E., 1921, p. 1079. 

F. W. Peek, Jr., “Voltage and Current Harmonics Caused by 
Corona,” Trans. A. I. E. E., 1921, p. 1155. 
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PURPOSE ” 


Ne: 

The purpose of this paper is to present the results of 
an investigation carried on in the Research Division 
of the Electrical Engineering Department, Massachu- 
setts Institute of Technology, aimed at the representa- 
tion of corona effects on artificial lines. It deseribes 
the artificial corona which was developed, and gives the 
results of tests in which it was used. The latter tests 
were for the purpose of: First, obtaining experimental — 
evidence in support of the “harmonic” explanations for 
the increased charging current which accompanies 
corona. Second, determining the effect of corona in — 
altering voltage distribution and third, investigating its 
effectiveness in reducing traveling waves in the system. 


DEVELOPMENT OF AN ARTIFICIAL CORONA 


As evidence was sought to show that the increased 
charging current is the result of harmonics rather than | 
of the corona envelope, it was necessary to have a check 
upon the envelope effect. This being practically im- 
possible with real corona, the envelope was eliminated 
from consideration by simulating the corona effects 
artificially on an artificial line. 


Fig. 1—Connections or ARTIFICIAL Corona LEak 

The artificial corona consisted of a representation 
of the cyclic change in line leakage peculiar to corona. 
The leakage variation was obtained by the use of three- 
electrode vacuum tubes, the current characteristics of 
which are in many respects similar to those of ionized 
air. As the tubes pass current only in one direction, 
two were necessary for one complete leak—one to oper- 
ate on the positive half of the voltage cycle and the 
other on the negative half. Fig. 1 shows the inter- 
connection used. 

The operation of the leak depended upon the non- 
linear characteristics of the tubes. The filament of the 
first tube and the grid and plate of the second connected 
to one line wire, while the filament of the second and 
the grid and plate of the first connected to the other ~ 
line wire. The breakdown voltage, that is, the é of 
the leak, was governed by a bias potential of approxi- 
mately 120 volts in each grid circuit. This, with the 
type of tube used (V T-2), kept the grid negative and 
the tube inactive until 115 volts, instantaneous between 
line wires, was reached on the ascending portion of the 
wave. With a plate potential of 115 volts and the grid 
5 volts negative, conditions were favorable for the 
passage between line wires of a small plate current 
through one tube. As the maximum rose above 115 
volts, the grid of this tube became less negative and 
finally positive, while its plate potential steadily 
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increased. This resulted in a rapidly increasing leakage 
current up to the crest of the voltage; beyond, on the 
descending portion of the wave, theaction was reversed. 
The leak was then inactive until the second tube 
repeated the cycle under the negative voltage loop. 

The leak may be likened to a two-way valve, in that 
it permitted leakage only for the intervals during which 
the instantaneous values of the voltage wave exceeded 
its breakdown value, é). It gave a small, discontinuous 
leakage current, Fig. 2, which was zero at all time except 


Fic. 


LEAKAGE CURRENT GIVEN BY 
ARTIFICIAL CoroNA LEAK 


2—DIscoNnTINUowUs THE 


under the crests of the voltage wave. The shape and 
amount of this current could be controlled by adjust- 
ment of filament temperature and bias potential. 
By increasing the latter, the breakdown voltage was 
increased, and the leakage reduced. If the breakdown 
voltage had been established, the amount of the leakage 
could be controlled by the filament temperature. As 
used in the following tests the r. m. s. critical voltage, 
@, for the leaks was approximately 75 to 80 volts, 


representing volts. 


/2 


By shunting the terminals of the leak with a small 
paper condenser at a a’ in Fig. 1, the distorted current 


3—CurRENT OBTAINED WITH ARTIFICIAL Corona LEAK 
AND CONDENSER IN PARALLEL 


Fic. 


shown in Fig. 3 was obtained. As a voltage greater 
than e was applied, there was a leakage current in 
addition to a charging current, the leakage current 
causing a hump on the latter slightly in advance of each 
voltage crest. The smaller irregularities in the current 
were due to tooth harmonics in the voltage wave. 
In later tests these were eliminated by the use of filters. 
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That the leakage current of the artificial corona was 
similar to that of real corona may be observed by com- 
paring Figs. 2 and 3 with the wave forms obtained of the 
latter by} Whitehead*® and by Bennett. In both of 
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SATISFIES THE QuapRATIC Law or Corona Loss 


these cases, the real corona was formed on a rod within 
a concentric cylinder. The oscillograms of Bennett 
show the distortion caused by corona of the rod-and- 
cylinder capacitance current when the applied voltage 
exceeded the critical corona-forming value for the ap- 
paratus. The corona introduced a hump into the 
charging-current wave just in advance of each voltage 
crest. In the duplication of this, with the artificial 


5—ConNECTION OF CoronA LEAKS TO THE ARTIFICIAL 
LINE 


Fre. 


corona, the capacity effect of the rod and cylinder was 
supplied by the small fixed condenser shunting the leak 
terminals. The wave forms reported by Whitehead 
were obtained by a separation of the total current, as 
found by Bennett, into two parts—a charging current 
and a corona current. For this the current wave was 
taken, first below and then above the critical voltage, 
the difference between the two giving the wave form of 
the corona current. This latter was pulsating. Its 


5. Whitehead and Inouge, ‘Wave Form and Amplification of 
Corona Discharge,” Trans. A. I. E. E., 1922, p. 138. 

6. E. Bennett, ‘An Oscillograph Study of Corona,’ TRANs. 
A. I. E. E., 1913, p. 1787. 
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humps were asymmetrical, but they attained their 
maximums approximately under the crests of the 
voltage. 

The conformance of the artificial corona to the quad- 
ratic law of corona loss is shown by the typical power- 
loss curve given by asingle leak. (Fig. 4.) The test 
for this type of curve consists of a plot of square root 
of the power against volts, the points of which should 
lie on a straight line. The leakage curve satisfied this 
requirement, as shown. The straight-line plot may be 


Fic. 6 —CHARGING CURRENT FOR AN ARTIFICIAL LINE HAVING 
ARTIFICIAL Corona LEAKS 


compared favorably with similar plots given by Peek.’ 
It is interesting to recall, in this connection, that the 
deviation from the theoretical curve in the region of 
€) is also a characteristic of real corona. 

The artificial line to which the corona leaks were 
attached represented a single-phase line having 500,000- 
cir. mil conductors, spaced 9 ft. between centers. One 
leak was placed at each end and two leaks in parallel 
at the middle. This was in accordance with the pi- 


Fic. 7—Voiracr Wave Forms at THE Two Enps or a 420- 


Mite Line wits Corona Leaks OPrrRatING 


construction of the line, and gave twice the leakage at 
the middle as at the ends. See Fig. 5. The critical 
voltage, ¢, for the line was established at 81 volts. 

Using a 420-mile length of open line, oscillograms were 
taken of voltage and charging current at the generator 


7. KF. W. Peek, Jr., ‘‘Dielectrie Phenomena in High-Voltage 
Engineering,’ 1920, p. 128. 
8. A. HE. Kennelly ‘Artificial Electric Lines,”’ 1917, pp. 205-7. 
Kennelly and Nabeshima, ‘“‘The Transient Brannee of Estab- 


lishing a Steadily Alternating Current on a Long Line,”’ Pro. 
Am. Phil. Soc., 1920, p. 325. 
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end, both with and without the leaks operating. When 
they were attached, but inoperative, (filament currents 
zero), the current and voltage were normal sine waves. 
When placed in operation, they caused the distortion 
shown in Fig. 6. Analysis of the wave forms of the 
latter showed the voltage to have a three per cent 
third harmonic; and the current to have a nine per cent 
third harmonic, three per cent fifth harmonic, and one 
and three-tenths per cent seventh harmonic. These 
compare favorably with the voltage and corona-plus- 
capacity-current wave forms at the generator end of a 
real transmission line under corona conditions, as given 
by Peek.° 

By these preliminary experiments the characteristics 
of the artificial corona were checked against those of 
real corona. It was shown that the leakage current 


Length of line = 420 miles 
Line volts =85 Volts 
Frequency = 60 Cycles 


ie) 60 120 180 240 300 360 420 480 540 


MILES FROM GENERATOR END 
S—Crest anp R. M. S. Vottage DistrisutTion on 420- 
Mixer Linn, WITH AND WITHOUT THE ARTIFICIAL CORONA 


Fig. 


was of approximately correct wave form, and that the 
power loss varied with the voltage in agreement with the 
quadratic law. Further, when operating on the arti- 
ficial line, the distortion produced in the voltage and 
current was similar to that found with real corona on a 
real line. 


DISTORTION OF VOLTAGE 


Oscillograms were now taken of voltage wave forms 
at points out along an open line. The use of a vacuum- 
tube repeater” made it possible to attach the oscillo- 
graph to the unloaded line without disturbing voltage 


9. F. W. Peek, Jr., ‘‘Dielectric Phenomena in High-Voltage 
Engineering,”’ 1920, p. 118. 
10. F. S. Dellenbaugh, Jr., ‘Artificial Transmission Lines 


with Distributed Constants,’ Journ. A. I. E. E.,.Dee. 1923, p. 
1293. 
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conditions. When the leaks were inoperative there 
was no distortion at any point on the line. But when 
they were placed in operation, they produced the 
distortion shown in Fig. 7. Only the two end voltages 
are given, as they represent the extreme conditions. 
Analysis of all the waves of the series was made, how- 
ever, and it was found that the distortion was progres- 
sive. It consisted almost entirely of a third harmonic, 
the magnitude of which increased steadily from four to 
fourteen per cent between generator and open end. 


Using a vacuum-tube, crest-reading voltmeter (also 
arranged to take negligible power), the maximum volt- 
age values at positions along the line were found in 
similar manner. Under corona conditions the crest 
value was increased near the generator end, but de- 
creased near the free end, as shown in Fig. 8. 

This progressive increase in voltage distortion is due 
- to the difference in resonance conditions for the funda- 
mental, and for the various harmonics. The latter, as 
a result, become a larger percentage of the resultant 
voltage at the distant points. 

This distortion of the voltage along a single-phase line 
is of interest, since it occurred under conditions which 
provided a circuit for third-harmonic currents. A 
three-phase line with grounded neutral is equivalent 
to three such single-phase lines in parallel. The results 
indicate, therefore, that even with a grounded-neutral 
system there can be a distortion of voltage between 
each line and ground. It is of interest also in connection 
with the explanation given later of the charging current 
which is found under corona conditions. 


Any alteration in maximum voltage values, such as 
was found, would have an appreciable effect upon the 
distribution of corona loss, increasing it at the near end 
and decreasing it at the far end of the line. 


EFFECT OF CORONA LEAKAGE ON VOLTAGE 
DISTRIBUTION 


An excessive potential rise on an open line under 
corona conditions has been reported. This has raised 
questions regarding the effect of corona in altering 
voltage distribution in cases of open circuit, and the 
possibilities of serious resonant voltages at triple 
frequencies. 

These points were investigated with the artificial 
corona. Voltage distribution curves were taken with 
an electrostatic voltmeter over a wide range of line 
lengths and voltages, with and without the corona 
leaks operating. The curves shown in Fig. 8 are typical 
of the alteration in distribution found in every case. 
To this, even a 240-mile line proved noexception. This 
is important as this line represented approximately a 
quarter-wave length for the third harmonic of sixty 
cycles—a condition which would be most favorable for 
the formation of high-resonant voltages by the corona 


4. loe. cit. 
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if resonance effects of the harmonics should prove to 
be present. 

In these tests it was found that the normal voltage 
distribution, that is, for no corona leakage, held also for 
corona conditions unless the applied voltage was exces- 
sively high or the length of line extreme. With a long 
line and an applied voltage near the critical value, the 
distribution was appreciably lowered. It appears, 
therefore, that in the case of distributions on long lines 
the reducing effect of corona as a leakage will largely 
overbalance any tendencies toward high voltage reso- 
nance due to the harmonics it may introduce. 


In making voltage distribution computations for 
high-voltage lines where corona must be considered, it 
has been customary to represent the probable corona 
loss by an equivalent ohmic leakance. In this, the 
assumption has been made that corona would tend as a 
leakage to reduce the rise of potential should the line 
accidentally become open-circuited. The above re- 
sults appear to substantiate this assumption. Further, 
it was possible in the case of each of the tests on the 
artificial line to calculate a distribution which would 
agree within the limits of engineering accuracy with 
the distribution obtained by test. For this the usual 
hyperbolic formulas were employed, using a leakance, @, 
obtained from the division of measured loss by the 
average of the squares of the end voltages. 


For all these tests it was possible to check the ade- 
quacy of the corona representation. The critical 
corona voltage of the single-phase power line, which the 
artificial line represents,* is approximately 95.2 kv. to 
neutral, assumptions teing made as to atmospheric 
conditions and state of conductor surface.!' As this 
corona-forming voltage was represented on the artificial 
liné by 81 volts, the ratio between corresponding line 


81 


voltages was ~>5,a, 


95,200 It was thus possible to check 


the corona representation, as the corresponding losses 
on the artificial line and on the real line were to be to 
each other as the square of this voltage ratio. In all 
cases the loss measured was found to be within 10 per 
cent of the loss which was calculated for the condition by 
this method. 


EFFECTIVENESS OF CORONA IN DAMPING TRANSIENTS 


Tests were also made to show the possible effective- 
ness of corona in attenuating traveling waves, such as 
result from switching operations in the system. For 
this a single-phase artificial line with distributed 
constants was used. It represented 331 miles of 
No. 00 solid copper conductors having 8 ft. 9 in. 
spacing.! 

*See page 816. 

11. F.W. Peek, Jr., ‘‘Dielectric Phenomena in High-Voltage 
Engineering,”’ 1920, p. 203. 

10. loc. cit. 
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A synchronous switch closed the circuit between genera- 
tor and line at any desired point on the voltage wave. 
Two oscillograms for each point of switch-closing were 
taken—one to show the transient under normal con- 
ditions, and the other the same transient with corona 
present. Their difference represented the modification 
resulting from the corona leakage. 

In Figs. 9 and 10 are given typical transients for the 
two cases. They show the generator voltage and the 
current entering the open line when the switch was 
closed on the descending portion of the voltage wave. 
In the first, without corona, the deviation from the 
sinusoidal state is apparent for approximately two 


Fig. 9—CuRRENT TRANSIENT ON OPEN LINE wITHOUT CORONA 
Swircu Ciosrep 115 pec. ArrER VOLTAGE PassED THROUGH ZERO 


cycles, and six reflections are distinguishable. In the 
second, taken with corona present, the steady-state 
condition was reached in half a cycle. In this latter, 
the normal distortion of the current due to the corona 
should not be confused with the transient. 

Although these last results are only aualitative, they 
support the general belief that corona, as a leakage 
occurring with excessive voltage, acts to suppress ab- 
normal voltage disturbances. In functioning as a 


Fic. 10—Currentr Transipnt as SHOWN IN Fia. 
CoRONA 


9, BUT WITH 


safety valve, it serves to dissipate the excess energy of 
the traveling waves and reduce them rapidly to the 
steady-state condition. 


EFFECT OF HARMONICS ON APPARENT CAPACITANCE 

In corona loss tests on transmission lines, readings 
are taken of current, voltage and power. From the 
ratio of watts to volt-amperes the power factor is cal- 
culated, and thereby the line current resolved into two 
components—one in phase with the voltage, and the 
other at right angles and leading. The latter, (con- 
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sidered the charging current for the line capacitance) 
increases linearly with the voltage up to the point of 
corona formation; beyond, it bends rapidly upward. 
Curves showing this are given by Lewis‘ and Peek. 
The variation from the linear relation above the critical 
voltage is generally attributed to the presence of the 
corona envelope increasing the line capacitance. 

This feature of corona was investigated on the ar- 
tificial line. Corona loss tests were made, and essen- 
tially the same procedure followed in measurement and 
calculation as outlined above. For each voltage the 
value of line capacitance corresponding to the quadra- 
ture current was computed. The results, given in 
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Fic. 11—CHARACTERISTIC CoRONA CURVES OBTAINED ON AN 


. ARTIFICIAL LINE HAVING ARTIFICIAL CorRONA, SHOWING TYPICAL 


INCREASE IN LINE CAPACITANCE 


graph form in Fig. 11, show in the upper part the 
variation of volt-amperes, net watts of corona loss, and 
power factor with applied voltage. In the lower 
part are given the total current, corona current, charg- 
ing current, and the apparent capacitance. There is 
an interesting similarity between these and the char- 
acteristic curves of real corona. 

The true capacitance of the 189 miles of artificial line 
was 1.445 microfarads. The capacitance calculated to 
agree with the test charging current at a voltage 40 per 
cent above the critical value was 1.51 microfarads. 
Thus with only the leakage effect of corona represented, 
the capacitance of the line- was apparently increased 
4.6 per cent, and this with no actual change taking place 
in the fixed condensers which supplied it. In this con- 
nection, Lewis reports an increase of 32 per cent, found 
when the voltage was 70*per cent above-the critical 


| 

| 

% 

x 

=| 
z 
- 


ae ms 


! 


Aug. 1925 


value. Although small in comparison with this, the 
increase which was obtained on the artificial line showed 
plainly that an ionized envelope is not an essential to the 
occurrence of this effect. 

It was possible to show in another way that at least 
much of this capacitance change found on lines is ap- 
parent. The above test was repeated, measuring only 
the loss in a single corona leak shunted by a fixed con- 
denser. The quantities, Fig. 12, were calculated as for 
a line. The curves are almost exact duplications in 
form of those given for real corona. The charging 
current and apparent capacitance of the condenser were 
distinctly increased at voltages exceeding the critical 
value of the leak. The capacitance changed from 1.06 
to 1.25 microfarads, which is a 21 per cent increase for a 
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Fig. 12—Cnaracreristic Corona Curves OBTAINED WITH 
AN ArtirictaAL Corona Leak Suuntep By A FixED CONDENSER, 
SHOWING APPARENT INCREASE OF CAPACITANCE 


voltage 67 per cent above the critical value. These 
results were obtained, using a voltage of approximately 
100 volts; there was no corona envelope, and the true 
capacitance of the circuit was known toremain constant, 
being a fixed condenser. 

In both of these tests the increase in charging cur- 
rent was real, but the increase in capacitance only 
apparent. This may be explained by the presence of 
harmonics. 

In the transmission line case there was a distinct 
distortion of the voltage between line and ground out 
along the line due to the corona harmonics. (Shown in 
Fig. 7). Being impressed on the normal line capaci- 


tance, these harmonic voltages produce large charging 


currents due to the fact there is an increased’ suscep- 
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tance to currents of harmonic frequencies. The result 
is that the quadrature, or capacitance component of 
the line current is increased more than proportionately 
to the applied voltage. 

Further, as shown in Fig. 6, the current at the genera- 
tor end of the line under corona conditions was highly 
distorted in comparison with the voltage at that point. 
The meters connected there for measuring the current. 
and voltage indicated only the effective values of the 
wave forms, and in making the subsequent computa- 
tions, equivalent sine waves having these values were 
substituted for the distorted waves. 

The error introduced by neglecting the harmonics in 
making the calculations is brought out by the results 
of the test on the leak and shunting condenser. In that 
case the current and voltage wave forms were as shown 
in Fig. 8; the current only was distorted, the voltage 
remaining practically sinusoidal. This produced a 
decrease in the power factor for the harmonics which 
existed in the current and not in the voltage contributed 
nothing to the average power, but did increase the 
effective value of the current required to produce that 
power. The result of this is shown by the vector 
diagram of Fig. 13. 


'S 


Fre. 13—Ivuusrratine How INCREASE IN CAPACITANCE RuE- 
SULTS FROM THE SUBSTITUTION OF EQUIVALENT SINE WAVES 


The fundamental: J, of the current has an energy 
component J, in phase with the voltage, V. As the 
voltage is sinusoidal, this is the only part of the current 
that contributes to the power. The harmonics increase 
the effective value of the total current from J, to J, 
but its energy component must remain the same. Con- 
sequently, when an equivalent sine wave is used for J, 
as is done in making the usual computations, the result 
is an increased quadrature current I, and correspond- 


Iq 

wV 

The results of the above tests are evidence that the 
capacitance change attributed to corona is not at least 
entirely a phenomenon due to the presence of an en- 
velope. The indications are that it is a direct result of 
distorted wave forms, and of a method of calculation 
in which only equivalent sine waves are considered. 
The ‘“‘change in capacitance” accompanying corona is a 
means of describing a particular effect, that is, the 
upward bend of the charging current, and its explana- 
tion therefore is largely a matter of definition. Al- 
though capacitance is usually defined as the charge per 


ing apparent capacitance calculated from C = 


oO 


unit rise of potential, it is not likely that the ions of the 
corona envelope constitute a charge in the true sense of 
the word, as probably little of the charge in the envelope 
can return to the conductor as the voltage drops from 
its crest value. 

The final proof of whether or not there is a real ca- 
pacitance change may well lie in the actual measure- 
ment of a line capacitance both with, and without, corona 
present. Tests of this nature have been made at 
Massachusetts Institute of Technology by M. T. Dow. 
An exploring wire was placed in the field near one of the 
conductors of a laboratory span, upon which was formed 
direct-current corona, and the capacitance between the 
wire and conductor measured. This is a method laden 
with experimental difficulties due to the high voltages 
which must be used, the smallness at best of the quan- 
tities dealt with, and the essentially negative nature of 
the problem. Four different methods of capacitance 
determination were used, but no indications of any 
capacitance increase were found. This warrants the 
conclusion that the increase, if there is any due to the 
corona envelope, is very small. There seems, therefore, 
to be as yet no definite proof that corona does cause an 
actual change in the capacitance of a transmission line. 


SUMMARY 


1. The energy loss and distortion characteristics of 
corona can be closely approximated on an artificial line 
by simulating the cyclic change in line leakance peculiar 
to corona. This corona leakage can be lumped simi- 
larly to the resistance, capacitance and inductance of the 
line. 

2. Corona may cause a distortion of voltage to 
neutral even when there is a complete circuit for the 
third-harmonic currents provided by a grounded 
neutral. 

3. The harmonics introduced by corona will not 
cause unusual resonance effects or extra-potential rises 
in the case of an unloaded line. 

4. The results indicate that voltage distribution for 
usual corona conditions can be calculated within engi- 
neering accuracy by the methods at present in use. 
For this, the corona loss can be represented by an 
equivalent ohmic leakance. 

5. Qualitative results were obtained which support 
the general belief that corona, in forming only at high 
voltages, can be effective in suppressing high-voltage 
disturbances. 

6. The “extra-capacity effect” accompanying corona 
is largely a matter of definition. The presence of an 
envelope of ionized air about the conductors is not an 
essential to its occurrence. It is probable that at least 
the greater part of the capacitance change is apparent 
only, resulting from the method by which the capaci- 
tance is calculated, and from the increased line admit- 
tance to charging currents of harmonic frequencies. 

In conclusion, the author wishes to thank Doctor 
¥V. Bush for suggesting and supervising this investi- 


20 GARDNER: CORONA INVESTIGATION ON AN ARTIFICIAL LINE 


gation, and also Messrs. M. T. Dow and R. Henriksen 
for their assistance in the experimental work. iq 


ROCKY MOUNTAIN LIGHTNING 


A condition of the insulation of transmission lines is 
described as follows. The condition may be designated 
as a small insulator and high insulation. 

The transmission system is for the Western Colorado 
Power Company. The general location is South- 
western Colorado. The altitudes considered range from 
six thousand feet to thirteen thousand feet, and the 
description is given particularly to show how the Jocal 
atmospheric conditions differ from the humid atmos- 
phere of other districts at lower altitudes, where light- 
ning storms are prevalent. 

To understand the effects of lightning in the Rocky 


Mountains, a knowledge of the insulation afforded by 


the presence of a dry atmosphere is necessary. 

A wooden pole line, four miles in length, using pony- 
glass insulators on wooden pins, was built with the 
usual construction for twenty-three hundred volts. 
The line was operated for some time at twenty-three 
hundred volts, but lightning troubles caused several 
interruptions. 

Without changing the glass insulators or other con- 
ditions on the pole line, the circuit voltage was raised to 
seventeen thousand volts. Thelightning troublesin the 
station decreased immediately, and the line has operated 
for fourteen years without burning off a cross-arm. 

Troubles at the transformers decreased because 
seventeen thousand-volt bushings are of higher in- 
sulation than twenty-three hundred-volt bushings and 
transformers. 

Another experience—On the seventeen-thousand- 
volt lines radiating from Silverton, a line wire will 
occasionally be torn loose from the insulator and drop 
down on the wooden cross-arm. The electric service 
will be continued as usual. Days and even weeks may 
pass before a patrolman discovers the bare wire resting 
harmlessly on the wooden cross-arm, but in a humid 
climate a 2300-volt wire in the same position will burn 
the cross-arm completely off—JOHN A. CLAY. 


NEW SPECTACLES AND COLOR 
MATCHING 

No longer need a clothing store salesman take a 
suit to the window to show the prospective customer 
the effect in daylight, or even turn on a special light. 
Instead, he will soon be able to hand the customer 
a pair of day-light spectacles which have been invented 
by Dr. Hermann Weiss of Vienna. Already they 
have come into wide use in laboratories in the textile, 
paper and dye industries, where it is often necessary 
to judge the color of solutions. They are of blue glass 


which absorbs some of the yellow rays in which the © 


ordinary incandescent lamp is rich but which are not 
present in such abundance in sunlight. ~~ 
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The Loaded Submarine Telegraph Cable 


BY OLIVER E. BUCKLEY: 


Member, A. I. E. E. 


Synopsis.—With an increase of traffic carrying capacity of 
300 per cent over that of corresponding cables of the previous art, 
the New York-Azores permalloy-loaded cable marks a revolution 
in submarine cable practise. This cable represents the first practical 
application of inductive loading to transoceanic cables. The 
copper conductor of the cable is surrounded by athin layer of the new 
magnetic material, permalloy, which serves to increase its inductance 
and consequently its ability to transmit a rapid succession of 
telegraph signals. 


This paper explains the part played by loading in the operation of 
a cable of the new type and discusses some of the problems which 
were involved in the development leading up to the first commercial 
installation. Particular attention is given to those features of the 
transmission problem wherein a practical cable differs from the 
ideal cable of previous theoretical discussions. 

Bri2f mention is made of m2ans of opzrating loaded cables and 
the possible trend of future development. 


HE announcement on September 24, 1924, that 
an operating speed of over 1500 letters per minute 
had been obtained with the new 2300-mile New 

York-Azores permalloy-loaded cable of the Western 
Union Telegraph Company brought to ‘the attention 
of the public a development which promises to revolu- 
tiontize the art of submarine cable telegraphy. This 
announcement was based on the result of the first test 
of the operation of the new cable. A few weeks later, 
with an improved adjustment of the terminal ap- 
paratus, a speed of over 1900 letters per minute was 
obtained. Since this speed represents about four 
times the traffic capacity of an ordinary cable of the 
same size and length, it is clear that the permalloy- 
loaded cable marks a new era in transoceanic 
communication. 


Fig. 1—PrrmMatitoy-LoapED CABLE 


Above, section of deep sea type showing construction. 
Below, section of core showing permalloy tape partly unwound. 


The New York-Azores cable represents the first 
practical attempt to secure increased speed of a long 
submarine telegraph cable by inductive loading and it 
is the large distributed inductance of this cable which 
is principally responsible for its remarkable perform- 
ance. This inductance is secured by surrounding the 
conductor of the cable with a thin layer of permalloy. 
Fig. 1 shows the construction of the deep sea section of 
the cable. In appearance it differs from the ordinary 
type of cable principally in having a permalloy tape, 
0.006 in. thick and 0.125 in. wide, wrapped in a close 
helix around the stranded copper conductor. 

Permalloy, which has been described by Arnold and 


1. Bell Telephone Laboratories, Inc. 
Presented at the Annual Convention of the A. I. E. E., 
Saratoga Springs, June 22-26, 1925. 


Elmen?, is an alloy consisting principally of nickel and 
iron, characterized by very high permeability at low 
magnetizing forces. The relative proportion of nickel 
and iron in permalloy may be varied through a wide 
range or additional elements as, for example, chromium 
may be added to secure -high resistivity or other 
desirable properties. On account of its extremely 
high initial permeability, a thin layer of permalloy 
wrapped around the copper conductor of a cable 
greatly increases its inductance even for the smallest 
currents. 


In the case of the New York-Azores cable the 
permalloy tape is composed of approximately 7814 
per cent nickel and 2114 per cent iron and gives the 
cable an inductance of about 54 millihenries per nautical 
mile. An approximate value of the initial permeability 
of the permalloy in that cable may be obtained by 
assuming the helical tape replaced by a continuous 
cylinder of magnetic material of the same thickness. 
This material would have to have a permeability of 
about 2300? to give the observed inductance. A better 
appreciation of the extraordinary properties of the new 
loading material may be obtained by comparing this 
permeability with that which has previously been 
obtained with iron as the loading material. The Key 
West-Havana telephone cables are loaded with 0.008- 
in. diameter soft iron wire. The permeability of this 
wire, which was the best which could be obtained 
commercially when that cable was made, is only about 
115, o: approximately one-twentieth that of the perm- 
alloy tape of the New York-Azores cable. 


The proposal to use permalloy loading to increase the 

2. Journ. Franklin Inst., Vol. 195, pp. 621-632, May 1923. 

3. The true initial permeability is slightly higher. To com- 
pute it, account must be taken of the fact that, contrary to what 
has been sometimes assumed, the magnetic lines of induction in 
the tape do not form closed loops around the wire but tend to 
follow the tape ina helical path. The pitch of the helical path of 
the lines of induction is slightly less than that of the permalloy 
tape with the result that a line of induction takes a number of 
turns around the conductor, then crosses an airgap between two 
adjacent turns of tape and continues along the tape to a point 
where it again slips back across an airgap. O. E. Buckley, 
British Patent No. 206,104, March 27, 1924, also K. W. Wagner, 
E.N. T., Vol. 1, No. 5, p. 157, 1924. 
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speed of long telegraph cables was one outcome of an 
investigation undertaken by the author, soon after 
the war, to determine whether some of the new methods 
and materials developed primarily for telephony might 
not find important application to submarine telegraphy. 
In the subsequent development of the permalloy loaded 
cable a large number of new problems, both theoretical 
and practical, had to be solved before the manufacture 
of a cable for a commercial project could be undertaken 
with reasonable assurance of success. The problems 
encountered were of three principal kinds. First wasthat 
of the transmission of signals over a cable having the 
charaeteristics of the trial conductors made in the 
laboratory. Although the theory of transmission over 
a loaded cable had been previously treated by others, 
the problem considered had been that of an ideal loaded 
cable with simple assumptions as to its electrical 
constants and without regard to the practical lmita- 
tions of areal cable. The second class of problems had 
to do with the practical aspects of design, manufacture 
and installation. In this connection an extensive 
series of experiments was conducted to determine the 
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means required to secure, at the ocean bottom, the 
characteristics of the laboratory samples on which the 
transmission studies were based. Among the numerous 
problems which arose in this connection were those 
concerned with protecting the copper conductor from 
any possible damage in the heat-treating operation 
which was necessary to secure the desired magnetic 
characteristics, and those concerned with protecting 
the strain-sensitive permalloy tape from being damaged 
by submerging the cable to a great depth. The third 
class of problem had to do with terminal apparatus and 
methods of operation. The prospective speed of the 
new cable was quite beyond the capabilities of standard 
cable equipment and, accordingly, new apparatus and 
operating methods suited to the loaded cable had to 
be worked out. In particular it was necessary to 
develop and construct instruments which could be used 
to demonstrate that the speed which had been pre- 
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dicted could actually be secured. ‘The success of the 
investigations along all three lines is attested by the 
results which were obtained with the New York- 
Azores cable. 
slip, the easily legible message of which was sent from 
Horta, Fayal, and received at New York at a speed of 
1920 letters per minute. : 

It is principally with regard to the first of, these 
classes of problems, that of the transmission of signals, 
that the following discussion is concerned. No attempt 
will be made here to discuss the details of design and 
development of the physical structure of the cable, nor 
will there be given a detailed description of the opera- 
ting results or how they were obtained; these subjects 
must be reserved for later publication. It is desired 
in what follows to explain how inductive loading 
improves the operation of a submarine cable and to 
point out some of the problems concerned with the 
transmission of signals which had to be considered in 
engineering the first long loaded cable. 

In order to understand the part played by loading in 
the transmission of signals, it is desirable first to review 
briefly the status of the cable art prior to the introduc- 
tion of loading and to consider the factors then limiting 
cable speed and the possible means of overcoming them. 
A cable of the ordinary type, without loading, is 
essentially, so far as its electrical properties are con- 
cerned, a resistance with a capacity to earth distributed 
along its length. Although it does have some induct- 
ance, this is too small to affect transmission at ordinary 
speeds of operation except on cables with extremely 
heavy conductors. The operating speed of a non- 
loaded cable is approximately inversely proportional 
to the product of the total resistance by the total 
capacity; that is, 
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Where C is capacity and R resistance per unit length, 
and / is the length of the cable. The coefficient, k, is 
Senerally referred to as the speed constant. It is, of 
course, not a constant since it depends on such factors 
as terminal interference and method of operation, but 
is a convenient basis for comparing the efficiency of 
operation of cables of different electrical dimensions. 
As the technique of operating cables has improved, the 
accepted value of k has increased, its value, at any 


time, being dependent on the factor then limiting the — 


maximum speed obtainable. This factor has, at times, 
been the sensitiveness of the receiving apparatus, at 
other times, the distortion of signals and in recent years, 
interference. During a great part of the history of 
submarine cable telegraphy, distortion was considered 
the factor which limited the speed of operation of long 
cables and on this account most of the previous dis- 
cussions of submarine cable transmission have been 
concerned principally with distortion and means for 
correcting it. As terminal apparatus was* gradually 
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improved, means of correcting distortion were developed 
which practically eliminated distortion as an important 
factor in the operation of long cables. With distortion 
thus eliminated, the speed was found to be limited 
principally by the sensitiveness of the receiving ap- 
paratus. This limit was, however, in turn eliminated 
by the development of signal magnifiers. During 
recent years, in which numerous cable signal magnifiers 
have been available and methods of correcting dis- 
tortion have been understood, the only factor limiting 
cable speed has been the mutilation of the feeble 
received signals by interference. Most cables are 


operated duplex, and in these, the speed is usually 


limited by interference between the outgoing and 
incoming signals. In cables operated simplex, and also 
in cables operated duplex where terminal conditions are 
unfavorable, speed is limited by extraneous interference 
which may be from natural or man-made sources and 
which varies greatly in different locations. The 
strength of the received current must, in either case, 
be great enough to make the signals legible through 
the superposed interference current. Owing to the 
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rapidity with which the received signal amplitude is 
decreased as the speed of sending is increased, the 
limiting speed is quite sharply defined by the inter- 
ference to which the cable is subject. 

With the speed of operation thus limited, there were 
two ways in which the limiting speed could be increased: 
the interference could be reduced, or the strength of 
signals made greater. No great reduction in inter- 
ference due to lack of perfect duplex balance could be 
expected, as balancing networks had already been 
greatly refined. Extraneous interference in certain 
cases could be reduced by the use of long, properly 
terminated sea-earths. The signal strength could be 
increased either by increasing the sending voltage or by 
decreasing the attenuation of the cable. Nothing at all 
is gained, however, by increasing the voltage in duplex 
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operation where lack of perfect duplex balance limits 
the speed, and in simplex operation any gain from rais- 
ing the voltage is obtained at the cost of increased risk 
to the cable, the sending voltage being usually limited to 
about 50 volts by considerations of safety. The at- 
tenuation of the cable could be reduced and the strength 
of the signal increased by use of a larger copper con- 
ductor or by using thicker or better insulating material. 
None of these possible improvements, however, seemed 
to offer a prospect of very radical advance in the art. 
In telephony, both on land and submarine lines, an 
advantage had been obtained by adding inductance‘ 
in either of two ways, by coils inserted in series with the 
line or by wrapping the conductor with a layer of iron. 
The insertion of coils in a long deep-sea cable was prac- 
tically prohibited by difficulties of installation and 
maintenance. Accordingly, only the second method of 
adding inductance, commonly known as continuous 
loading, could be considered for a transoceanic tele- 
graph cable and it is primarily with regard to continuous 
loading that the following discussion is concerned. 


Most of the proposals to load telegraph cables have 
had the object of reducing, or eliminating, distortion, 
and accordingly most of the mathematical treatments 
of loading have been from that point of view. The 
reduction of distortion is, however, not the only benefit 
to be obtained from loading and, in fact, may not 
always be secured in the high-speed operation of a 
loaded cable. The principal benefit of loading from 
the practical standpoint is to decrease the attenuation 
of the signals so that for a given frequency more cur- 
rent will be received or so that the minimum permis- 
sible current may be received with a greater speed of 
signaling. From-the mathematical standpoint, there 
are two ways of treating the problem of the loaded 


4. The idea of improving the transmission of signals over a 
line by adding distributed inductance to it originated with 
Oliver Heaviside in 1887, (Electrician, Vol. XIX, p. 79, and 
Electromagnetic Theory, Vol. 1, p. 441, 1893), who was the first 
to eall attention to the part played by inductance in the trans- 
mission of current impulses over the cable. He suggested, as a 
means for obtaining increased inductance, the use of iron as a 
part of the conductor or of iron dust embedded in the gutta 
percha insulation. He also proposed inserting inductance coils 
at intervals in a long line. Other types of coil loading were 
proposed by S. P. Thompson (British Patent 22,304—1891, and 
U.S. Patents 571,706 and 571,707—1896), and by C. J. Reed 
(U.S. Patents 510,612 and 510,613—1893). M. I. Pupin, 
(A. I. B. E. Trans., Vol. XVI, p. 93, 1899, and Vol. XVII, p. 445, 
1900) was the first to formulate the criterion on the basis of which 
coil loaded telephone cables could be designed. Continuous 
loading, by means of a longitudinally discontinuous layer of 
iron covering the conductor, was proposed by J. S. Stone in 1897 
(U. S. Patent 578,275). Breisig (E. T. Z., Nov. 30, 1899) sug- 
gested the use of an open helix of iron wire wound around the 
conductor and Krarup (EZ. T. Z., April 17, 1902) proposed using a 
closed spiral so that the adjacent turns were in contact. J. H. 
Cuntz (U.S. Patent 977,713 filed March 29, 1901) proposed 
another form of continuous loading. Recent general discussion 
of loaded telegraph cable problems have been given by Mal- 
colm (Theory of Submarine Telegraph and Telephone Cable, 
London, 1917) and by K. W. Wagner, (E. N. T., Oct. 1924). 
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eable; first, with regard to the transmission of a tran- 
sient impulse, and second, with regard to setting up 
steady alternating currents of definite frequency. In 
the ultimate analysis the solution of either problem 
can be got from the other. However, for practical 
purposes they are two distinct means of attack. Which 
should be used depends on the object to be secured. 
If one is concerned primarily with the effect of the cable 
on the wave shape of the signal transmitted over it, it is 
fairly obvious that the transient treatment has ad- 
vantages. If, however, one is concerned only with the 
strength of the received signal, as is the case if there 
is asSurance that the signal shape can, in any event, be 
corrected by terminal networks, then the steady state 
treatment is sufficient and much more convenient to 
apply. In the case of the real loaded cable the complete 
transient solution is extremely complex and the steady 
state treatment relatively simple. The solution of the 
transient problem of an ideal loaded cable is, however, 
very valuable to give a physical picture of how induct- 
ive loading aids the high speed transmission of signals. 

The transient solution of the problem of an ideal 
heavily loaded cable has been worked out by Malcolm? 
and more rigorously by Carson,® who have determined 
the curve showing the change of current with time at one 
end of the cable if a steady e. m. f. is applied at zero 
time between the cable and earth at the distant end. 
Such a curve is called an “arrival curve” and for an 
ideal loaded cable comprising only constant distributed 
resistance, capacity and inductance may have a form 
like that shown in Curve 0 of Fig. 3, which is to be com- 
pared with Curve a, which is the arrival curve of a non- 
loaded cable. The straight, vertical part of Curve b 
represents the “head” of the signal wave which has 
travel:d over the cable at a definite speed and with 
diminishing amplitude. The definite head of the ar- 
rival curve is the most striking characteristic difference 
between the ideal loaded and the non-loaded cable. 
In the latter, as is evident from Fig. 3, the current at the 
receiving end starts to rise slowly almost as soon as the 
key is closed at the transmitting end. When an 
e.m. f. is applied to the sending end of the non-loaded 
cable, a charge spreads out rapidly over the whole 
length, the receiving end charging up much more slowly 
than the sending end on account of the resistance of the 
intervening conductor. Hence, if a signal train, con- 
sisting of rapidly alternating positive and negative 
impulses, is applied to the sending end, the effect at the 
receiving end of charging the cable positively is wiped 
out by the succeeding negative charge before there has 
been time to build up a considerable positive potential 
and the successive alternating impulses thus tend to 
annul each other. In the loaded cable the effect of 
inductance is to oppose the setting up of a current and to 
maintain it once it has been established, and thus to 

5. Theory of the Submarine Telegraph and Telephone Cable, 
London, 1917. 

6. Trans. A. I. E.E., Vol. 38, p. 345, 1919. 
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maintain definite wave front as the signal impulse 
travels over the cable. Hence, with inductive loading, 


the strength and individuality of the signal impulses are — , 


retained and a much higher speed of signaling is possible. 
It should be noted that by speed of signaling is meant 
the rapidity with which successive impulses are sent 
and not the rate at which they travel over the cable. 
This speed of travel is actually decreased by the addi- 


tion of inductance, about one third of a second being al 


required for an impulse to traverse the New York- 
Azores cable from end to end. 


It should be noted that Curve 6 of Fig. 3 is for 
an ideal loaded cable in which the factors of resistance, 
capacity and inductance are constant. Ina real loaded 
cable none of these factors are constant and the arrival 
curve cannot be simply and accurately computed. 
Even the capacity which is usually assumed as con- 
stant for real cables, varies appreciably with frequencies 
in the telegraph range, and, owing to the fact that gutta 
percha is not a perfect dielectric material, its conduct- 
ance, which is also variable with frequency, must be 
taken into account. Although the inductance of the 
cable is substantially constant for small currents of low 


frequency, it is greater for the high currents at the - 


sending end of the cable on account of the increase of 
magnetic permeability of the loading material with 
field strength and is less at high frequencies than at low 
on account of the shielding effect due to eddy currents. 
The resistance is highly variable since, in addition to 
the resistance of the copper conductor, it comprises 
effective resistance due to eddy currents and hysteresis 
in the loading material, both of which vary with fre- 
quency and current amplitude. Furthermore, there 
is variable inductance and resistance in the return 
circuit outside the insulated conductor which must be 
taken into account. Although it is very difficult to 
compute the exact arrival curve of a cable subject to 
all of these variable factors, an approximate calculation 
in a specific case, like that of the New York-Azores 
cable, shows that the arrival curve has the general shape 
of Curve c of Fig.3. It will benoticed that although this 
arrival curve lacks the sharp definite head, character- 
istic of the ideal loaded cable, it still has a relatively 
sharp rise and that the time required for the impulse 
to traverse the cable is not greatly different from that 
of the ideal loaded cable. . 


Although it is difficult to take exact account of the 
variable characteristics of the loaded cable in the solu- 
tion of the transient problem, it is easy to take account 
of them in the steady state or periodic analysis by 
means of well-known methods. If a steady sinusoidal 
voltage, V., is applied at one end of the cable, the 
resulting voltage, V,, at the distant end, will be given 
by the equation 

SV, = kV. e* 


where / is the length, P the propagation constant of the 
cable and k, a constant which depends on the terminal 
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impedance and which is unity in case the cable is 
terminated at the receiving end in its so-called charac- 
teristic impedance. The propagation constant is 


4 given by the formula, 


P=VJ/(R+ipLl)(G+ipC) =a+78 
where FR is the resistance, L, the inductance, G, the 
leakance and C, the capacity per unit length and p 
is 2 us times the frequency. The real part of the 
propagation constant, a, is called the attenuation 
constant and the imaginary part, 8, the wave length 
constant. By separating a and 8, the amplitude and 
phase displacement of the received voltage relative to 
the sent voltage may be computed for any particular 
frequency and the behavior of a complex signal train 
may be worked out by analyzing it into its Fourier 
_ components and treating them separately. The phase 

_ shift is, however, of importance mainly as regards the 
shape of the received signals and their amplitude may, 
in general, be obtained from the attenuation constant 
alone. Thus if it is known that the signal shape can, 
in any case, be corrected by terminal networks, there 
is no need to be concerned with more than the attenua- 
tion constant to compute the speed of the cable. 

In the case of a cable of the permalloy-loaded type, 
a is given with an approximation’ sufficiently close for 
the purposes of this discussion by the equation. 


a= Vp (R#+-G1) 


For the purpose of computing R, it is convenient to 
separate it into its components, giving 


ao N We eth. +h. that G 


R, = copper resistance per unit length 
R. = eddy current resistance per unit length 
R, = sea return resistance per unit length 
R, = hysteresis resistance per unit length 
The copper resistance, R., is that determined by a 
direct-current measurement of the loaded conductor, 
since the resistance of the loading tape is so high and 
its length is so great that the current flowing longitudi- 
nally through it may be safely neglected. 
The eddy current resistance, R., is given approxi- 
mately by the formula, 


m we f? 
p (d- tb) 


_ where t is the thickness or diameter of the loading tape 

or wire, d, the outside diameter of the loaded conductor, 
f, the frequency, p, the resistivity of the loading mate- 
rial, w, its magnetic permeability and m, a constant 
which depends on the form of the loading material and 
is, in general, greater for tape than for wire load- 


R. = 


7. For accurate computation of attenuation the complete 
formula for @ must be used. 
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ing. Although it is possible to compute a value of 
m, the value found in practise is always larger than the 
theoretical value, which is necessarily based on simple 
assumptions and does not take into account such a 
factor as variation of permeability through the cross- 
section or length of the loading material. Accordingly, 
it is necessary for any particular type of loaded con- 
ductor to determine m experimentally. 

The sea-return resistance may safely be neglected 
in the computation of slow speed non-loaded cables, 
but it is a factor of great consequence in the behavior 
of a loaded cable. By sea-return resistance is meant 
the resistance of the return circuit including the effect 
of the armor wire and sea water surrounding the core 
of the cable. Although the exact calculation’ of this 
resistance factor is too complex to be discussed here, 
the necessity of taking it into account may be quite 
simply explained. Since the cable has a ground return, 
current must flow outside the core in the same amount 
as in the conductor. The distribution of the return 
current is, however, dependent on the structure of the 
cable as well as on the frequencies involved in signaling. 
If a direct current is sent through a long cable with the 
earth as return conductor, the return current spreads 
out through such a great volume of earth and sea 
water that the resistance of the return path is negligible. 
On the other hand, if an alternating current is sent 
through the cable, the return current tends to con- 
centrate around it, the degree of concentration in- 
creasing with the frequency. With the return current 
thus concentrated the resistance of the sea water is of 
considerable consequence. It is further augmented by 
a resistance factor contributed by the cable sheath. 
This may be better understood by considering the 
cable as a transformer of which the conductor is the 
primary and the armor wire and sea water are each 
closed, secondary circuits. Obviously, the resistances 
of the secondary circuits of armor wire and sea water 
enter into the primary circuit and hence serve to in- 
crease the attenuation. The presence of the armor 
wires may thus be an actual detriment to the trans- 
mission of signals. 

To take account of the hysteresis resistance, FR, 
and also of the increased inductance and eddy current 
resistance at the sending end of the cable, it is most 
convenient to compute the attenuation of the cable for 
currents so small that R, may be safely neglected. The 
attenuation thus computed is that which would be 
obtained over the whole cable if a very small sending 
voltage were used. The additional attenuation at the 
sending end for the desired sending voltage may then 
be approximated by computing successively from the 
sending end the attenuation of short lengths of cable 
over which the current amplitude may be considered 
constant, the attenuations of separate lengths being 
added together to give the attenuation of that part of 


8. See Carson and Gilbert, Jour. Franklin Inst., Vol. 192, 
p. 705, 1921 and Electrician, Vol. 88, p. 499, 1922. 
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the cable in which hysteresis cannot be neglected. In 
this computation account must, of course, be taken of 
the increased inductance and eddy current resistance 
accompanying the higher currents at the sending end. 

Having calculated or obtained by measurement the 
several resistance factors and knowing the capacity, 
leakance and inductance, the whole attenuation of a 
cable for any desired frequency may be computed and a 
curve drawn showing the variation of received current 
with frequency for a given sending voltage. This 
relation for a particular case is shown in Curve c¢ of 
Fig. 4. Curve a shows, for comparison, the relation 
between frequency and received current of a non-loaded 
cable of the same size, that is, a cable having a conductor 
diameter the same as that of the loaded conductor and 
having the same weight of gutta percha. Curve b shows 
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the behavior of an ideal loaded cable having the same 
inductance, capacity and d.c. resistance as the real 
loaded cable of Curve c, but in which the leakance 
and alternating current increments of resistance are 
assumed to be zero. 

Now, if the level of interference through which the 
current must be received is known, the maximum speed 
of signaling for the loaded cable may be obtained from 
Curve c. It is that speed at which the highest fre- 
quency necessary to make the signals legible is received 
with sufficient amplitude to safely override the super- 
posed interference. Just what the relation of that 
frequency is to the speed of signaling cannot be defi- 
nitely stated, since it depends on the method of oper- 
tion and code employed as well as on the desired per- 
fection of signal shape. J. W. Milnor® has suggested 
that for cable code operation and siphon recorder 
reception a fair value is about 1.5 times the fundamental 


9. Journau A. I. E. E., Vol. 41, p. 118, 1922, Transactions 
A. 1. K. E., Vol. 41, p. 20, 1922. 
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frequency of the signals, that is, the fundamental — 
frequency when a series of alternate dots and dashes 
is being sent. 

By referring again to the equation for a, it can now be 
explained why high permeability is a necessary char- 
acteristic of the loading material if benefit is to be 
obtained from continuous loading. The addition of 
the loading material has two oppositely directed effects; 
on the one hand it tends to improve transmission, by — 
increasing the inductance and consequently decreasing 
the attenuation, and on the other hand it tends to 
increase the attenuation by increasing the effect of 
leakance and by the addition of resistance. Not only 
are the hysteresis and eddy-current factors of resistance 
added by the loading material, but it must also be 
looked on as increasing either the copper resistance or 
the capacity on account of the space it occupies. Gen- 
erally it is more convenient to look on the loading ma- 
terial as replacing some of the copper conductor in the 
non-loaded cable with which comparison is made, 
since by so doing all of the factors outside of the 
loaded conductor are unchanged. Now, if the loading 
material is to be of any benefit, the decrease in attenu- 
ation due to added inductance must more than offset 
the increase due to added resistance, including the added 
copper resistance due to the substitution of loading 
material for copper. In the limiting case the lowest 
permeability material which will show a theoretical 
advantage from this point of view is that which, as 
applied in a vanishingly thin layer, gives more gain 
than loss. For any particular size and length of cable 
there is a limiting value of permeability which will 
satisfy this condition, this limiting value being greater 
the longer the cable and the smaller the diameter of its 
conductor.’ For transatlantic cables of sizes laid prior 
to 1923, the minimum initial permeability required to 
show an advantage is higher than that of any ma- 
terial known prior to the invention of permalloy. Ac- 
tually a considerably higher permeability than this 
theoretical minimum was, of course, required to make ~ 
loading an economic advantage, since there are practi- 
cal limits to the thickness of loading material and 
since the cost of applying it has also to be taken into 
account. Further, there are limits on methods of 
operation, imposed by loading, which necessitate still 
higher permeability to make loading worth while. 

Since the addition of loading has two opposite ten- 
dencies in its effect on attenuation, the practical design 
of the cable must be based on a compromise between 
them. Thus, to secure the maximum gain from load- 
ing a cable of a given size, the loading material should 
be chosen of such a thickness that the gain due to in- 
creased inductance from a slight increase of thickness 
just offsets the loss due to increased resistance ‘and 
dielectric leakance. In practise, of course, economic 
considerations of the cost of various thicknesses of load- 
ing must also be taken into account. 


10. O. E. Buckley, British Patent No. 184,774, 1923. 
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In designing the New York-Azores cable some 
assumption had to be made as to the extraneous inter- 
ference which would be encountered. Theoretical 
considerations led to the belief that the loaded cable 
would be no more subject to external interference than 
non-loaded cables. It even appeared that it would 
be less affected by some types of interference, for, owing 
to the shorter wave length for a given frequency, a 
disturbance which affects a great many miles of cable 
simultaneously is less cumulative in its effect at the 
terminal of a loaded than a non-loaded cable. A 
reasonable assumption seemed to be that the total 
overall attenuation which could be tolerated for the 
loaded cable was at least as great as that which expe- 
rience had shown to be permissible for simplex operation 
of non-loaded cables. Of course, this maximum per- 
missible attenuation depends on conditions of terminal 
interference, and no fixed value can be given as applic- 
able to all cables. However, for average conditions of 
terminal interference in locations free from power-line 
disturbances, and where the cable lies in relatively 
deep water near to its terminal landing, a reasonable 
value of total attenuation constant for the fundamental 
frequency of cable code is about 10 (86.9 T. U.) for 
recorder operation and about 9 (78.2 T. U.) for relay 
operation. These were the approximate values as- 
sumed for the New York-Azores cable and later ex- 
perience has demonstrated that they were well justified. 


Throughout all of the preceding discourse, it has been 
assumed that the relation between attenuation and 
terminal interference would limit the speed of simplex 
operation rather than that distortion of signal shape 
would be the limiting factor. Although this is, in fact, 
the case with non-loaded cables," it was not self-evident 
as regards the loaded cable, and to make reasonably 
certain that the speed could be determined from the 
attenuation-frequency relation required a demonstra- 
tion that the signal distortion of a real loaded cable 
could be corrected by suitable terminalapparatus. One 
of the merits long claimed for loading was that it would 
reduce distortion and, indeed, an ideal loaded cable 
with constant inductance and without magnetic hy- 


steresis, eddy current loss,- dielectric leakance and 


sea-return resistance would have very little distortion 
and would give a speed limited only by terminal 
apparatus. However, a real loaded cable, the induct- 
ance of which varies with both current and frequency 
and in which all the above noted resistance factors 
are present, may give, and in general will give when 
operated at its maximum speed, greater distortion 
of signals than a non-loaded cable. 


To solve the question of distortion on a purely 
theoretical basis required consideration of the trans- 


11. Recent work of J. R. Carson (U.S. Patent 1,315,5389— 
1919) and R. C. Mathes (U.S. Patent 1,311,283—1919) has 
shown that with the combined use of vacuum tube amplifiers and 
distortion correcting networks, distortion in non-loaded cables 
ean be compensated to any desired degree. : 
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mission of a transient over the loaded cable. This was 
made extremely difficult by the existence of numerous 
possible causes of signal distortion, the effects of which 
could only be approximated in the solution of the tran- 
sient problem. In addition to the distortion resulting 
from the rapid increase of attenuation with frequency 
due to the various sources of a-c. losses, distortion pecu- 
liar to the magnetic characteristics of the loading 
material had also to be taken into account. There 
are several types of magnetic distortion worthy of con- 
sideration. First, there is the production of harmonics 
as a result of the non-linear magnetization curve of the 
loading material; second, there is a possible asymme- 
trical distortion due to hysteresis, and third, there is a 
possible modulation resulting from the superposition of 
one signal upon another, which is, in effect, a modula- 
tion of the head of the wave of one impulse by the tail of 
the wave of a preceding impulse. The first two of these 
are effective at the sending end of the cable and the 
third near the receiving end. 

A computation of distortion, including the peculiar 
magnetic effects, by a steady state, a-c. method, based on 
measurements of short loaded conductors, indicated 
that the cable should operate satisfactorily with or- 
dinary sending voltages. Further evidence that none 
of these various types of distortion would be of serious 
consequence, and that the distortion of a loaded cable 
could be corrected by terminal apparatus, was obtained 
by experiments with an artificial line constructed to 
simulate closely, as regards electrical characteristics, the 
type of loaded conductor with which experiments were 
then being made. This artificial line was loaded with 
iron-dust core coils, which admirably served the 
purpose, not only as regards inductance and acc. 
resistance but also as regards magnetic distortion. 
Iron dust is, of course, very different from permalloy in 
its magnetic characteristics. But owing to the large 
number of turns on a coil, it is operated at much higher 
field strengths and on a part of the magnetization curve 
corresponding approximately to that at which permalloy 
is operated on the cable. In fact the case for magnetic 
distortion was a little worse on the artificial line than in 
the then proposed cable. Fig. 5 shows a photograph 
of the artificial line, the coils of which are in the large 
iron pots and the resistance and paper-condenser 
capacity units of which are in the steel cases. This 
line was equivalent to a 1700-nautical-mile cable, 
loaded with 30 millihenries per nautical mile, and over 
it, legible signals were secured at speeds up to more 
than 2600 letters per min. Such a speed of operation 
was quite beyond the range of the then available tele- 
graph instruments, and accordingly special transmit- 
ting and receiving instruments were required. The 
multiplex distributor, of the Western Electric printing- 
telegraph system, proved an excellent transmitter for 
experimental purposes and, for receiving, use was made 
of a combined vacuum-tube amplifier and signal-shap- 
ing network, the signals being recorded on a string 
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oscillograph. Fig. 6 shows part of a test message 
received over the loaded artificial cable at a speed of 
2240 letters per min. 

The results of the tests with the artificial loaded 
cable were entirely in agreement with the author’s 
calculations, and showed that it was possible to obtain 
satisfactory signal shape with a coil loaded cable having 
a-c. resistance and distortion factors approximating 
those of the permalloy loaded cable. The exact 


Fic. 5—Loaprep ArtiricraL LINE 


behavior of the proposed cable, including such factors as 
sea-return resistance and a somewhat variable dis- 
tributed inductance, could not, of course, be duplicated 
without prohibitive expense. The approximation was 
considered, however, to be sufficiently good to justify 
proceeding with a loaded cable installation so far as 
questions of signal shaping were concerned. It is 
interesting to note that the factor which limited the 
operating speed of the artificial loaded cable was one 
which is not present in a continuously loaded cable but 
which possibly would be a serious factor in the operation 
of a coil loaded cable, namely the oscillations! resulting 
from the finite size and separation of the inductance 
units. 

With the completion of the artificial loaded cable 
tests, there was still one principal question of transmis- 
sion which had to remain unanswered until a cable had 
been installed. This was the question of balancing the 
cable for duplex operation. Ordinary submarine cables 
are generally operated duplex, the total speed in the 
two directions being usually from about 1.3 to 2 times 
the maximum simplex or one-way speed. Except in 
cases where the external interference is very bad, the 
limiting speed of duplex operation is determined by the 
accuracy with which an artificial line can be made the 


12. Carson, Trans. A. I. BE. E., Vol. 38, p. 345, 1919. 
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electrical equivalent of the cable. Ordinarily, the 
artificial line is made up only of units of resistance and 
capacity arranged to approximate the distributed 
resistance and capacity of the cable. Sometimes 
inductance units are added to balance the small induct- 
ance which even a non-loaded cable has. In the 
actual operation of cables, artificial lines are adjusted 
with the greatest care and a remarkable precision of 
balance is obtained. This is necessary because of the 
great difference in current amplitude of the outgoing 
and incoming signals, the former being of the order of 
10,000 times the latter. It is quite obvious that it will 
be much more difficult to secure duplex operation with a 
loaded cable than with one of ordinary type, since not 
only do the copper resistance and the dielectric capacity 
have to be balanced, but the artificial line must also be 
provided with inductance and a-c. resistance. Also 
the sea-return resistance and inductance which vary 
with frequency must be balanced. 


In’ view of these difficulties, it will probably be ~ 


impossible to get as great a proportionate gain from du- 
plex operation of loaded cables as is secured with ordi- 
nary cables. However, it is quite evident that it will be 
possible to obtain duplex operation at some speed, since, 
with loaded as with non-loaded cables, the ratio of 
received-to-sent current increases rapidly as the speed 
is reduced, and on this account it is much easier to 
duplex the cable at low speeds than at high. To 
make duplexing worth while on a cable with approxi- 
mately equal traffic loads in both directions, it is, in 
general, only necessary to get a one-way duplex speed 
half as great as the simplex speed. In fact, in some 
cases the operating advantages of duplex would warrant 
even a slower duplex speed. On the other hand, there 
are cables on which the traffic is Jargely unidirec- 
tional through most of the day and which would 
accordingly require a one-way duplex speed somewhat 
higher than half the simplex speed to justify duplex 


Fic. 6—Trst Messace 
Signals received April 16, 1920 over coil-loaded artificial line equivalent 


to a 1700 n. m. cable with 30 m.h./n.m. Speed 2240 letters per minute. 


operation. Whether a sufficiently great speed of 
duplexing could be secured to justify designing a cable 
on the basis of duplex operation could not be judged 
in advance of the laying of the first cable, and ac- 
cordingly it was decided to engineer that cable on the 
basis of simplex operation. 
Although it was expected that the new cable might at 
first have to be operated simplex it should not be 
supposed that any great difficulty or loss of operating 
efficiency was anticipated on this account. The speed 
of the New York-Azores cable is so great that to 
realize its full commercial advantage practically requires 
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working it on a multi-channel basis; as, for example, 
with a Baudot code, multiplex system, similar to that 
used on land lines. Such a system may be conveniently 
adapted to automatic direction reversal and, with this 
modification, most of the common objections to simplex 
operation areremoved. Indeed, simplex operation may 
in this case possess a real advantage over duplex, from 
the commercial point of view, since it permits dividing 
the carrying capacity of the cable most efficiently to 
handle the excess of traffic in one direction. 

Although means for making efficient use of the loaded 
cable have been made available, it should be recognized 
that the method of operation best suited to satisfy 
commercial demands must be determined from future 
experience with cables of the new type. This is 
especially true with regard to relatively short cables. 
In this paper the discussion of the loaded cable problem 
has been confined wholly to the realm of long ocean 
cables where the limitations of the cable, rather than 
terminal equipment or operating requirements, deter- 
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mine the best design. This is the simplest case and 
the one which, at present, seems to show the greatest 
gain from loading. Where traffic requirements are 
limited and there is no prospect of ever requiring a 
speed higher than can be obtained with a non-loaded 
cable of reasonable weight, the advantage of loading is 
less and becomes smaller as the weight of non-loaded 
cable which will accomplish the desired results, de- 
creases. It should not, however, be concluded that 
loading will not find important application to short 
cables. Many short cables are parts of great systems 
and must be worked in conjunction with long cables. 
In such cases it may pay to load short sections where 
loading would not otherwise be justified. Permalloy 
loading also offers great possibilities for multiple- 
channel carrier-telegraph operation on both long and 
short cables, and with this type of operation :n prospect 
it is too early, now, to suggest limits to the future appli- 
cations of permalloy to cables or to predict what will be 
its ultimate effect on transoceanic communication. 


A Vibration Recorder for Pathological Analyses 


BY CHESTER I. HALL! 


Fellow, A. I. E. E. 


Synopsis:—The author describes a new device which has been 
developed for pathological use in recording the hand tremors of 
patients, as an aid in the diagnosis of disease. The motion is 
resolved into its horizontal and vertical components, both of which are 


This instrument is also useful to the engineer 
An important 


given on the record. 
for recording mechanical vibrations of various kinds. 


feature is the freedom of the vibrating body from all restrain, due to 


the optical method employed. 


HE great clinics of the country, organized for the 
careful, detailed study of the cause, characteristics, 
prevention and cure of disease, have been calling 
more frequently of late upon the services of the scientist 
and engineer. While medicine in general is an art, 
many of its activities may be converted into terms 
of one or the other of the exact sciences with a marked 
gain in the method of obtaining and recording data, the 
analysis and correlation of facts, and the application of 
instruments of precision, either already available or 
requiring development where such instruments can take 
the place of mere observation, with its attendant 
inaccuracies and personal bias. All laymen are familiar 
with the family physician’s three ‘‘tools’”’ of reliability 
and proven worth; the watch, thermometer, and 
stethoscope; but few realize the extent of apparatus in 
the modern clinic. In addition to the complete 
chemical and bacteriological laboratories, the equip- 
ment includes such devices as the sphygmomanometer, 
polygraph, basal metabolism recorder, electro-cardio- 
graph, et cetera. 
The device to be described forms an excellent example 
of the possibility of development in indicating . or 
1. General Electric Co., Fort Wayne, Ind. 
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recording instruments to aid the research pathologist or 
diagnostician in recording data that may be analyzed 
with much greater accuracy than could be expected 
without such aid. 

In this case the problem presented by the Duemling 


Fic. 1—Tor View or VIBRATION RECORDER 


Clinic? was the design of an instrument to record the 
free arm tremor of a patient, without imposing restraint 
of any sort and to resolve the motion into its vertical 


and horizontal components. 


2. The recorder described was developed at the request of 
Charles G. Beall, M. D., Duemling Clinic, Fort Wayne, Ind. 
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By preliminary study, it was determined that a 
record at double the amplitude of motion and at a rate 
of one inch of chart travel per second would make the 
most desirable curve for the average case. Due to its 


PATIENT 


Fic. 2—Taxinec Muscunar TREMOR OF 
VIBRATION RECORDER 


With A 


obvious lack of restraint and inertia the optical method 
formed the basis of the type of construction finally 
adopted. 

A light source of very minute dimensions was neces- 
sary so that a beam much narrower than the amplitude of 
the smaller vibrations could be used for projection to 
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EN CE ite BAS Re We ENA ee 


a. Myxedema basal metabolism, minus 34 per cent. The secretion of the 
Thyroid Gland is diminished and many body functions are slowed. Note 
the low rate, six per sec. (normal rate, 12 per sec.) Compare this with 
(c), the opposite disease, in which there is an increase of the thyroid secre- 
tion and in which many body functions are speeded up. 


b. Tremor of inveterate tobacco smoker 


c. Exophthalmic goiter, severe. Note the great amplitude of the 
vibrations and the loops caused by rapid movement in the direction parallel 
to the motion of the film. Compare with (a), opposite disease. 


Fig. 3—Toxic Tremors (Free Hanp VIBRATIONS) 

the recording film. This was obtained by the use of a 
hemispherical metallic mirror having a radius of curva- 
ture of 12.5 mils. Subsequently mirrors of from 10- 
to 30-mils radius have been produced and successfully 
used. Such a mirror, when placed end on in a light 
beam of parallel rays and viewed from any point within 
its partial sphere of reflection, constitutes a theoretical 
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point source of illumination. Due to inaccuracies of 
grinding, polishing and lack of uniformity of impinging 
light its circle of confusion was found to be not over 
three mils for the 12.5 mil mirror. It will be seen, 
therefore, that a light source has been obtained which is 


a. Paralysis agitans—Man—Note that 
considerable and movement irregular. 


the rate is low, amplitude 


b. Paralysis agitans—Man of 52—The vibrations are of great amplitude 
but the rate is low. 


Fie. 4—Oraanic Tremors (Free Hanp VIBRATIONS) 


a. Sudden shock caused by dropping glass plate behind patient. This 
record gives an indication of the time required for recovery from shock. 


b. Psychoneurosis—Woman of 32. 


c. Psychoneurosis—Woman of 44. 
unusually constant amplitude. 


The vertical vibrations are of 


d. Psychoneurosis, man of 29. 
Fie. 5—Funcrronan TREMORS (Free Hanp Visrartrons) 
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probably smaller than that produced by other methods 
and with an intensity dependent upon the light flux 
falling upon it. Further, its inertia is low and the re- 
straint of connecting wires or other attachment, is 
eliminated. 

Fig. 1 shows top view of Vibration Recorder. 
The primary source of light is a standard 6-volt 
21-c. p. automobile headlight lamp, located in the 
rear compartment of the recorder case. The rays from 


a. Unsupported arm vibration of expert marksman No. 1. This 
Chart indicates normal pathological vibration and should be compared with 
the preceding charts which show normal vibration. 


b. Vibration of muzzle of rifle held by marksman No.1. Note that 
the frequency is much lower than in (a) on account of the damping effect 
of the rifle’sinertia. The straight line indicates the center of the target. 


ec. Unsupported arm vibration of expert marksman No. 2. 


d. Muzzle of rifle held by marksman No. 2. 
Fie. 6—MisceLtuaNrEous TREMORS 


this lamp pass through a condensing lens indicated in 
the sketch by Lz, and fall upon the miniature hemi- 
spherical mirror, A, fastened to a thimble worn by the 
patient whose tremor is being recorded. This mirror, 
as previously indicated, furnishes a point source of 
light of high intensity without imposing restraint upon 
the vibrating body. 

Two beams of light from the hemispherical mirror 
are utilized, the first in recording horizontal vibration 
by passing upward to the mirror, M, from which it is 
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reflected and passed through focusing lens, L; to the 
moving film. The second light beam records vertical 
vibration and passes directly through focusing lens Ly 
to the film. The film is fastened to the outside of 
cylinder, D, which is rotated by a constant-speed 
electric motor of the induction disk type. The earliest 
form of this device had to be operated in a dark 
room, since the film was not protected from outside 
light. 


DAYLIGHT OPERATED RECORDER 


An improved recorder of the type just described, 
but one which may be loaded and operated in daylight, 


e. Muzzle of rifle held by poor marksman. Note that record is in- 
complete, showing that marksman was unable to hold the muzzle within 
the field of the recorder. 


f. Woman of 102 years, normal. Note the small amplitude, indicating 


extraordinary steadiness. 


g. Vibration of an a-c. washing machine motor mounted on sponge 
rubber supports. The left side of chart shows the starting condition, the 
motor being shut off at a point somewhat to the left of center of chart— 
the remainder representing coasting the vibration is caused by rotor un- 
balance, the waves at the beginning being due to the movement of the 
stator resulting from the reaction between rotor and stator. Notice that 
the amplitude of the horizontal vibration was greater after the motor speed 
had been reduced to a certain value, at which the frequency of the vibration 
due to unbalance was the same as the natural frequency. 


is shown in Fig. 2. This cut illustrates the operation 
of the instrument, showing the operator on the left and 
patient on the right, the latter holding the tiny mirror 
in the beam of light. The hood used by the operator 
shuts out external light and enables him to look through 
a ruby glass in the cover and see the spots uf light which 
are projected on the film. He is thus able to determine 
whether or not the patient is holding the tiny mirror 
within the field of the recorder. The operation of the 
instrument shown is simple, being somewhat similar to 
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that of an ordinary camera. 1t can therefore be oper- 
ated by any physician without previous experience or 
special knowledge of this type of instrument. 

The daylight operated recorder is an entirely self- 
contained and independent instrument. The light 
source is operated from dry cells contained within the 
cabinet. The film, which is of standard size, is driven 
by a hand-operated crank. Constant speed of travel 
for the film is maintained by means ofa fly-ball centrifu- 
gal governor with a clutch which releases the film 
driving roller when the speed exceeds a predetermined 
value. In operation it is therefore simply necessary 
to turn the hand-crank at any speed greater than a 
certain minimum value and the operation of the gov- 
ernor and clutch insure constant motion of the film at 
the given speed for which the governor is adjusted. 

The interior of the daylight-operated recorder is 
shown in Fig. 1. This indicates the general arrange- 
ment of parts, showing dry cells, lenses, reflecting 
prism, et cetera. The automobile lamp, used as the 
primary source of light, is enclosed in the rear of the 
compartment shown on the right-hand side of the 
illustration. This lamp is controlled by contacts 
operated by a push button mounted in the cover. The 
film holder and re-roll mechanism are located in the 
left side of the cabinet as viewed in Fig. 1. 

The source of light and optical system used in this 
recorder are such that the recording points of light on 
the film are of very small diameter and high intensity. 
A clear record is therefore produced and the illumination 
is sufficient so that if desired records may be made on 
bromide paper. 


APPLICATION TO THE STUDY OF MUSCULAR TREMORS 


Tremors of diagnostic importance occur not only in 
organic diseases of the nervous system, but also in 
certain other conditions. Physiology teaches that 
muscles in health are held in tone by mild impulses 
delivered into them along the motor nerves at the rate of 
about twelve a second. No tremor is then perceptible; 
but if the impulses are of increased or diminished fre- 
quency, are exaggerated or irregular in force or rhythm, 
they become perceptible to the unaided eye or touch. 

According to the immediate cause, tremors may be 
divided into three groups as follows: 


I. Toxie Tremors—including those due to tobacco, 
alcohol, alkaloids, metals, hyperthyroidism, and prob- 
ably those due to exhaustion, 

I. Organic Tremors—embracing tremors due to 
brain lesions, general paresis, multiple sclerosis, pos- 
themiplegic conditions, paralysis agitans and senility. 


III. Functional tremors—including tremors due to 
fear, hysteria, neurasthenia and various other psy- 
choneuroses (Crenshaw). 


An interesting collection of records showing tremors 


of each of the three classes is shown in Figs. 3a to 
5d inclusive. 
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The application of the recorder described in this 
paper is by no means limited to the study of muscular 
tremors, although this use is the one for which it was 
originally designed. A number of interesting and use- 
ful applications have already been suggested and tried, 
such as recording the vibration of motor frames, trans- 
former coils under heavy overload, and the muzzle of a 
marksman’s rifle. rf 

Records showing the vibration of the rifle muzzle for 
two expert marksmen are shown in Figs. 6b and 9d. 
Unsupported arm vibrations of these marksmen are 
also given. Fig. 6e shows the rifle muzzle vibration 
for a poor marksman. This record is incomplete due 
to the fact that the marksman was unable to hold the 
muzzle within the field of the recorder throughout the 
time the record was being made. 

Fig. 6g shows the vibration of the frame of an 
electric motor during starting and coasting conditions. 
This record illustrates the use of the recorder in the 
study of various kinds of mechanical vibrations. 

The examples given in the foregoing are typical of 
the applications to which the vibration recorder can be 
put. Other uses will no doubt appear from time to 
time as the device becomes better known and its pos- 
sibilities more fully understood. 


EXPLANATION OF CHARTS 


In each of the foregoing charts, the upper line re- 
cords horizontal vibrations and the lower line shows 
vertical vibrations. Ordinates give the magnitude of 
vibrations, multiplied by two. Chart movement is 
at the rate of one inch per second and reads from left 
to right in each case. 


RADIO IN WARSAW, N. Y. 


Receiving troubles which have for sometime baffled 
Warsaw and vicinity appear to have been terminated 
by the result of investigation made by V. W. Spears, 
electrical engineer for the Interstate Public Service 
Company at their office in Indianapolis, in localizing 
the interference which, for the past six months, has 
made radio reception in that locality practically 
impossible. Correction was accomplished by the 
discovery of a high-powered electrical leak. A leaky 
bushing was found in the transformer at the Warsaw 
Water works and power house on North Buffalo Street. 
This has been sending a throbbing noise into the ether 
and for months puzzling radio experts. 

The Transformer is one used in sending power to 
Claypool and Silver Lake from Goshen and through 
Warsaw. The leak became a broadcasting station 
blanketing the whole band of wave-lengths for radio 
reception and causing a constant hum in the loud 
speakers. Radio enthusiasts are delighted with the 
results obtained and C. C. Argabrite, chief of the elec- 
trical engineers of the Interstate has received a letter 
from Warsaw officially expressing their appreciation 
of the conquering of this difficulty. 


 Synopsis:—In view of the present trend toward three-phase 
secondary distribution involving, in some cases, a change from a two- 
‘phase system, an analysis of the engineering and economic elements 
: of a two-phase system may be of value. The two-phase five-wire 

_ secondary system is examined in the light of fundamental require- 
_ ments, such as service continuity, safety, standard voltages, 
flexibility, low cost, etc., and compared particularly with the three- 
_ phase, four-wire star system. Many of the advantages of the two- 
_ phase, five-wire system result from the diametrical connection of the 
_ two phases, from the inherent balance thereby obtained, and from 
the greater power carried per wire. An important advantage of the 
two-phase, five-wire system lies in the fact that single-phase, two- 
wire and three-wire loads and two-phase loads can be supplied at 
standard voltages from combination lighting and power secondaries 
and that new loads can be flexibly supplied through all stages of load 
growth. There are marked advantages from a construction and 


ENGINEERING AND ECONOMIC ELEMENTS OF Two- 
PHASE, FIVE-WIRE DISTRIBUTION 


_Y INCE the inception of alternating current distribu- 
tion, initially single-phase, there have been devel- 
oped various schemes of polyphase distribution, the 

oldest of these beingtwo-phase. Formore than the past 
decade the change-over of distribution systems from 
two-phase to three-phase has been considerable. Usually 
the justification for the change-over of any distribution 
system lies in the particular combination of conditions 
which appertain to the territory and system in ques- 
tion. It may be unsafe to derive conclusions for any 
particular locality from those reached in another lo- 
ceality or from generalized or purely theoretical 
grounds. 

The subject of the best type of distribution system 
has received intensive study by many electric companies 
and, in view of the present general trend to three-phase, 
it i is felt that many of the features of a recent analysis 
of a system which still has two-phase distribution for 
its secondary and 2300-volt primary systems, will be 
of particular interest at this time. 

For reasons which will be stated later, this paper gives 
consideration to secondary distribution suitable for the 
_ supply from the same mains of both light and power, 
with only such references to primary distribution as 
appear necessary for completeness. Distribution trans- 
formers, however, are treated as a part of the secondary 
system. 


FUNDAMENTAL REQUIREMENTS 
As a basis for further discussion, the fundamental 
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Two-Phase, Five-Wire Distribution 


Its Engineering and Economic Elements 
BY P. H. CHASE: 
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operating point of view in having ordinarily only two transformers 
in banks which supply two-phase secondaries from either two-phase 
or three-phase primaries. The two-phase, five-wire system has 
certain advantages as to metering and a comparison of the first cost 
and the annual cost of two-phase and three-phase motor installa- 
tions, with wiring, shows small differences. The inherent cost 
differential between two- and three-phase secondaries with several 
types of primary systems is shown to be of such a small magnitude 
that the cost of change over from one type of system to another may 
over shadow the theoretical savings. Accordingly, with a relatively 
small inherent cost differential between the existent system and one 
having certain, more or less, proved advantages and disadvantages, 
the central station engineer must produce extremely strong arguments 
leading out of his local situation in order to justify a change from 
the existing system. 


requirements which must be met by any secondary 
distribution system, in order to meet the requirements 
of the customer with safety and economy, are 
outlined. 


CUSTOMERS’ AND UTILIZATION REQUIREMENTS 


1. Service Continuity. A high degree of service 
continuity is required for all classes of service. This 
is afforded by various feeder, main and service com- 
binations with their requisite protective equipment to 
afford the desired service insurance. 

2. Safety. Forasecondary distribution system, the 
requirement for safety is met according to present 
accepted ideas by a service voltage of approximately 
115 from any wire to ground. Existing wiring stand- 
ards and appliances allow this voltage to be handled 
safely for a wide diversity of applications. 

3. Standard Voltage. The voltage for lamps has 
been standardized at 115 volts, with 120 volts as an 
allowable higher figure. The voltage for motors for 
combined light and power systems has been standard- 
ized at 110 and 220. Any system of distribution should 
conform to these basic voltage standards, established 
through years of experience and investigation. 

4. Voltage Regulation and Balance. The inherent 

voltage regulation and balance of the secondary dis- 
tribution system must be such that, with the usual 
voltage regulating equipment at the substation, the 
variations of service voltage, on all phases, and under 
all load conditions, will be kept within a value which 
will not impair illumination from lamps nor service 
from motors and appliances. 
5. Customers’ Equipment and Wiring. The type of 
distribution system should be such that the customers’ 
equipment may be of standard, readily secured types 
and the wiring simple, efficient and inexpensive. 
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DISTRIBUTION SYSTEM REQUIREMENTS 


1. Simplicity and Standardization. Separate or 
combination light and power service should be readily 
available from a single set of mains in order to take the 
maximum advantage of diversity between power and 
lighting loads. The distribution system should make 
use of standard equipment. 

2. Load Balance. The secondary distribution sys- 
tem should be readily adapted for service both to single 

hase and to polyphase loads without material load 
unbalance between the phases. 

5 The voltages of the different 
ases should remain balanced with respect to each 
other and to ground. 

4. Adaptability to Physical Conditions. The dis- 
tribution system should be equally adaptable to aerial 
or underground construction, to urban, suburban and 
rural conditions, and to residential, commercial and 
manufacturing districts. 

5. Growth Adaptability. The secondary  distri- 
bution system should be adaptable to all stages of load 
growth and load density, by means of additions and re- 
inforcement, and with the minimum amount of recon- 
ion work at any stage. When the initial single- 
light load in residential areas eventually 
s demands for polyphase service, the distribu- 
em should be sufficiently flexible to render such 
service without extensive changes. 

tment. There should be the minimum 
in mains, services, transformers, meters, ete. 
annual charges on the investment are usually the 
portion of the total] annual cost of the secondary 
bution system. 

7. Power Losses. 


hart 
ay 


my 
= ies 


The secondary distribution system 
e low power losses. ° This requirement is 
y met when the requirements for voltage re- 
gulation are properly met. 

8. Operating and Maintenance Costs. These costs 
hould be low. They usually will be a fairly constant 


percentage of the investment. 


COMBINED LIGHT AND POWER SECONDARIES 


The treatment of the subject throughout is based on 
the requirement of a system suitable for the supply of 
power and lighting, either single-phase or polyphase, 
from the same mains. A study of the economic advant- 
ages of combination mains, under assumed average con- 
ditions, points toward savings of the order of twenty 


per cent in the total annual cost (fixed charges and . 


losses) of transformers, mains and services, as compared 
with separate transformers, mains and services for 
lighting and power. Itis recognized that there are and 
will be many instances, particularly on aerial systems, 
where the use of separate lighting and power mains is 
necessary to prevent fluctuating power loads or the 
frequent starting of motors from impairing lighting 
service, and that on many systems the mileage ot sep- 
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arate lighting and power mains greatly outweigh 
mileage of combined mains. _ aa ie 


THE Two-PHASE FIvE- WIRE SECONDARY Sys 


The two-phase, five-wire secondary system is shi 
schematically in Fig. 1. The system is strictly 
four-phase, five-wire diametrical system, with 115 vol 
to neutral. This diametrical connection is responsi 
for many advantages of the two-phase system, owirlé 
the relative independence of the phases. If there is a 
virtue in the nwmber of phases, surely such a four- 
phase system should compare favorably with the 
three-phase! ‘i gee 

The two-phase, five-wire system has the following — 
outstanding features _ 

1. Standard 115 volts for lamps and appliances. __ a 

2. Standard 115 or 230 volts for motors. A 

3. Voltage to ground balanced. 

4., Load balanced. 

5. Two transformers per bank. 

6. Transformers or standard ratio and voltage. 
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POWER PER WIRE 


Considering the secondary distribution problem fi 
a fundamental point of view, it will be realized that 
condition which largely influences the economi 
vantages of one system over another is the amount 
power carried per wire. Table I shows the amount « 
power per wire for various systems, all with 115-vo 
lamp voltage (EZ), assuming the same current G 


TABLE I es 
POWER PER WIRE 


System 
5-wire 2 6 115-230 Volt... 
4-wire 3 @ 115-199 Volt... 
3-wire 1 @ 115-230 Volt... 
2-wire 1 @ 115 Volt....... 


*Voltage regulation requirements will often operate to 
value as a comparative measure of power per wire. : 


a 
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wire and the same size wire. This comparison is based COMPARISON WITH THREE-PHASE FouR-WIRE STAR 


equal voltage drop and therefore represents equiva- 
conditions for the distribution systems set forth. 

The two-phase, five-wire system carries 6.6 per cent 
ater power per wire because, with 20 per cent more 
per, it carries 33 14 per cent more power than the 
phase four-wire system having the same lamp 


INHERENT ADVANTAGES 


Consider the inherent advantages of the two-phase, 

_ five-wiresystem. It hasa fifth or neutral wire common 

_ to two independent 115-230-volt phases. A current in 

_ the neutral is caused only by a load unbalance on one 

side of a phase and this is ironed out in the trans- 

formers. 

_ The neutral of the three-phase, four-wire star system, 

_and also the transformers, will carry the resultant cur- 
rent due to any line—neutral load unbalance, and thus 
transfer the unbalance to the primary mains. 

_ Ina secondary distribution system, which ordinarily 
supplied both single-phase and polyphase loads of 
various types, there is inevitably unbalance between 
_ line and neutral loads and the effect of this upon the 

voltage balance of the system is inherently greater with 
_ the three-phase, four-wire star system than with the 
_ two-phase five-wire system. 

In the aerial plant, standard cross arms and racks can 
be utilized practically as efficiently by the two-phase, 
_ five-wire system as by the three-phase, four-wire system. 
_ Four wires utilize practically as much space as five 
‘wires and the four wires will have to be larger for the 

_ Same amount of power carried under the same 

In the underground plant the two-phase five-wire 
system can make use of single conductor, two-con- 

_ ductor, three-conductor, or four-conductor cable as 

local duct, heating, loading and service conditions 

_ warrant. Under many conditions, where it is econom- 

__ ically preferable to install mains on two sides of a street, 

the two-phase, five-wire system affords a very flexible 

_ method of rendering service to loads largely single- 


phase on each side of such a street while still maintain- - 


__ ing balanced load on the mains and phases. 
With heavy load densities, the two-phase five-wire 
_ system may readily be accommodated with one phase 
_ in each of two ducts. There is a consequent improve- 
_ ment in the transmission of heat from the cables and a 
_ decrease of the hazard to service from one phase in the 
_ event of a fault on the other phase. The three-phase, 
_ four-wire star system requires a voltage unbalancing 
arrangement of the cables if two ducts are used, unless 
_ all three phase conductors are in each duct. 
_ Although local conditions will materially affect the 
_ handling of any underground system, it is felt that the 
_ two-phase, five-wire system hasat least every advantage 
_ that the three-phase, four-wire has in best utilization of 
and duct space. 


SYSTEM 


On the other hand, the three-phase, four-wire second- 
ary system forces the distribution engineer into a choice 
of one of the following dilemmas: 

1. A decrease in the motor service voltage to 199 
volts nominal, with 115-volt lamp voltage. This 
may require the development of a new line of motors, or 
the de-rating or under-loading of the present line of 
220-volt motors. 

2. An increase in the lamp voltage to 133, thus 
bringing the motor service voltage to 230. This 
requires the introduction of a new line of lamps and 
appliances and a new line of distribution transformers, 
or the marked over-excitation of the present standard 
ratio transformers to give 133 volts, secondary. Also 
changes to present standards for substation equipment 
might be necessary. 

3. A compromise raising the lamp voltage to around 
125, and decreasing the motor voltage to around 216. 
This presents complications with lighting, appliance 
and motor loads, as the compromise voltages are often 
high for lamps and appliances and materially, if not 
seriously, below the 230-volt standard for motor service. 

4. The use of auto-transformers for stepping up 
the main voltage of 115-199 to 230 volts for motors. 
Under conditions where the lighting and power loads on 
a secondary main system are approximately equal, it 
would then be necessary to transform one-half of the 
load from 115-199 volts up to 133-230 volts by means 
of auto-transformers. Assuming an average connected 
load per power customer of 12.5 kv-a. in power, a fair 
average figure for an underground city area, it is esti- 
mated that the necessary auto-transformers, (excluding 
installation costs) would cost more than twenty-five 
per cent of the entire investment in secondary mains, 
conduits and manholes. 

The service which on the two-phase, five-wire system 
would be three-wire 115-230 volts single-phase, on the 
three-phase, four-wire system must be either (a) two- 
wire 115-volt single-phase, or (b) three-wire 115-199 
volt open “Y”’ or (c) three-phase, four-wire. Each of 
these solutions results in higher losses, poorer voltage 
regulation, unbalanced voltage, higher investment, 
singly or in combination. 

The two-phase, five-wire system requires none of these 
compromises or sacrifices. 

In this comparison, consideration has not been given 
to the various other three-phase secondary systems 
which do not have some of the disadvantages of the 
three-phase ““Y’’—connected system. They have other 
combinations of disadvantages which are summarized 
in “Alternating-Current, Low-Voltage Networks,” 
Serial Report of the N. E. L. A., Publication No. 25-1. 


TRANSFORMER INSTALLATIONS 


For the purpose of this paper, the transformer in- 
stallation for supplying the secondary mains from the 


— 


primary distribution system is considered as a part of 
the secondary system. In considering the transformer 
installation, it is fully as important that attention be 
directed to the construction and cost elements of the 
supporting structure for the transformers if on a pole, or 
to the manhole or vault if the transformers are subway 
type. 

For the two-phase, five-wire 115-230 volt secondary 
distribution system, the connections will be as shown 
in Figs. 2A and 28 for a two-phase primary and in Fig. 
2c for a three-phase primary. In all of these combina- 
tions, for a given size bank, only two transformers, or a 
multiple of two, are required. For the three-phase, 
four-wire system, three transformers, or a multiple of 
three, are required. The use of polyphase transformer 
units is practicable for either two or three-phase, but 
certain service and operating advantages are generally 
felt to be lost as compared with standard single-phase 
units. 
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There are marked advantages of having ordinarily 
two transformers per bank, with the two-phase system. 
On the aerial system, two units can be hung or arranged 
much more readily on a pole, with minimum decrease of 
working and climbing space for linemen. The mechan- 
ical advantages of a balanced transformer arrangement 
are apparent from Fig. 3. In the underground system, 
the use of two transformers is generally more economical 
of manhole space than the use of three transformers. 

With two-phase primaries, standard transformers 
may be used in connection with the five-wire two- 
phase secondary system. In the case of three-phase 
primaries, standard transformers with Scott taps are 
readily available at a slight increase in cost per unit. . 

The Scott connection and the combination of three- 
phase primaries with two-phase secondaries has some- 
times been referred to as a hybrid scheme. Let us 
reserve judgment on this matter and base our conclu- 
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sions upon common-sense engineering which must 
recognize construction, operating and cost facts in 
addition to purely theoretical considerations. 

In the modern Scott-connected transformer bank, 
there is a voltage unbalance of the order of one and 
one-half per cent and a phase displacement of the order 
of one and one-half degree at eighty per cent power 
factor and much less at higher power factors. It can be 
readily shown that the per cent voltage unbalance caused 


ConstruUCcTION—TWo-PHAsE TRANSFORMER 
Bank 


Fig. 3—Typicau 


by 100 amperes per wire in approximately 500 feet of 
three-phase, 115-199 volt, four-wire No. 00 secondaries on 
a cross arm with standard 1414-inch spacing isabout the 
same as in a Scott-connected transformer bank having 
approximately five per cent impedance. There is no 
such inherent unbalance in two-phase, five-wire secon- 
daries, when properly grouped, as the phases are separ- 
ate and diametrically connected. The existence of 
current in the neutral will affect the voltage balance 


2 FYSSE-& WARE 
Fic. 4—Typican ARRANGEMENTS or SECONDARY MAINS ON 
Cross ARMS 


3 PYASE - 4 WIRE 


of the three-phase system more seriously than that of 
the two-phase system. 

See Fig. 4 for typical arrangements of wires on a 
cross arm. 


For an economic statement of the cost differentials 
between aerial transformer banks of the standard type 
connected (1) two-phase to two-phase, (2) three-phase 
to two-phase and (3) three-phase to three-phase, refer 
to Table II, which shows the comparative invest- 
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TABLE II 
COMPARATIVE COST OF AERIAL TRANSFORMER INSTALLATIONS 


Distribution System 
/— 


muamperio: Transformers. per Bank, «<<... 0.4 ccc secs cu cuccgeees 
Moltage mating of Tramsformers.......0..ecse ccc eecvcdeccceecuc 
150-Ko-a. transformer bank 
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Total annual cost per kv-a.t 
75-Ko-a. transformer bank 
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15-Kov-a. transformer bank 
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Two-Phase—Two-Phase | Three-Phase—Two-Phase | Three-Phase—T hree-Phase 
2300-115/230 Volt 2300/3984-115/230 Volt 2300 /3984-115/199 Volt 
2 2 3 
2300-115/230 2300/4600-115/230.* 2300-115/230 
$1,096.00 . $1,249.00 $1,353.00 

7.31 8.33 9.02 
1.30 1.46 1.54 
678.00 783.00 774.00 
9.04 10.43 10.32 
1.55 1.81 Lhd 
286.00 339.00 337 .00 
19.07 22.60 22.47 
3.10 3.74 3.62 


*Transformers are the type rated at 2300/4600-115/230 volts with taps for 3984 and 3444 volts and will give full rated output when Scott-connected. 
tTotal annual cost includes fixed charges on investment and cost of losses evaluated on increment cost basis. 


ments and annual cost (fixed charges and cost of 
losses) estimated on a comparative basis. 


It will be noted that the costs for the two-phase to 
two-phase banks are distinctly less than for the other 
connections, and that the three-phase to two-phase and 
the three-phase to three-phase costs run very close. 


The three-phase to two-phase transformer costs are 
based on a relatively costly unit with taps suitable for 
either a 4000-or 4600-volt primary, while the three- 
phase to three-phase transformer costs are based on the 
standard 2300 volt unit. The three-phase to two-phase 
scheme therefore would allow a primary voltage of 
4600 with consequent appreciable primary feeder sav- 
ings as compared with 4000 volts. 


It is therefore apparent that the two-phase, five-wire 
secondary system may be readily supplied economically 
from either two-phase or three-phase primaries. 


GROWTH ADAPTABILITY 


- The two-phase, five-wire system, a combination of two 
single-phase, three-wire systems, possesses a high degree 
of flexibility and adaptability to all stages of load 
growth in a distribution system. Generally a district 
initially is supplied from single-phase three-wire, 115- 
230 volt mains. As the district develops demands for 
polyphase supply to motors, this stage of development 
is readily met, especially with a two-phase primary 
system, by extensions of existing adjacent three-wire 
single-phase secondaries supplied from different pri- 
mary phases, thus affording a five-wire, two-phase service 
with the minimum additional investment in transformer 
installations and secondary mains, as diagrammatically 
shown in Fig. 5. If the primaries are three-phase, and 
as the amount of motor load grows, the transformers 
will be erected in banks of two, and part of the secon- 
dary mains will become five-wire. A _ three-wire 
service from mains originally three-wire, when the 
mains are increased to five-wire, requires no change in 
the motor or to the customer’s wiring. There is, ac- 
cordingly a large degree of growth, flexibility with the 
two-phase system. This is also a result of the inherent 


high capacity per wire, of particular value with con- 
tinuing growth of load where theoretical considerations 
often are completely outweighed by the necessity of 
providing reasonably for development. 
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With the three-phase, four-wire system, it is apparent 
that if a district is permitted to originally develop on a 
single-phase, three-wire basis, when it becomes necessary 
to provide for polyphase loads, the erection of two ad- 
ditional transformers will be necessary and also the 
conversion of the three-wire, single-phase secondary 
mains to four-wire, three-phase, unless such expedients 
as open “Y”’ three-wire mains are resorted to. 

In such a transition it will be necessary to care for 
every three-wire, 115/230-volt, single-phase customers’ 
service in one of the following ways: 

1. Change to four-wire, three-phase. This requires 
running an additional. wire, replacement of the single- 
phase meter by a polyphase meter, and changing the 
customers’ wiring for a four-wire service. 


2. Change to two-wire, 115-volt, single-phase. This 
may require larger service wires, and a change to a two- 
wire meter. In many situations, as with electric range 
loads, such a change would greatly increase the voltage 
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drop or necessitate a separate service to maintain the 
proper voltage on lamps. 

3. Change to three-wire, three-phase 115/199-volt 
open-“Y.” This will require a second meter or re- 
placement of three-wire meters by polyphase metering. 
The service voltage will be unbalanced by the current 
in the neutral and the losses will be much higher in the 
service wires and the main neutral. 

If the mains are made four-wire initially, there is the 
initial extra investment in transformers and mains, and 
the unavoidable choice must be made between the 
above three types of services, each with its disadvan- 
tages as compared with the three-wire, 115/230-volt 
service. The importance of this situation is apparent 
from the relatively large proportion of services which 
are single-phase on most systems. 

Although many situations of the above nature are 
being solved by the use of separate mains for light and 
power, the substantial savings in combined mains it 
is felt compel consideration of any secondary system 
from the point of view of its suitability to the ultimate 
supply of practically all types of small and medium size 
loads from the same mains. To this end stricter re- 
quirements in motor starting currents and improved 
methods of distribution should be considered. 


RELATION OF PRIMARY DISTRIBUTION 


Although this paper deals particularly with secondary 
distribution, there are a number of related points in 
connection with primary distribution which should be 
borne in mind. 

Primary distribution is affected by a large number of 
variable elements, including: 

1, The size and spacing of substations. 

2. Length and capacity of feeders. 

3. Density and character of load, both primary 
and secondary. 

4. Type of system, radial, parallel, loop, network 
feed, aerial, underground, etc. 

5. Configuration of streets. 

6. ‘Tree conditions. 

7. Governmental restrictions relating to voltage, 
aerial construction, tree trimming, ete. 

8. Contractual restrictions such as those relating 
to voltage, type of construction, etc., in joint pole use. 

Again, as in the case of secondary distribution, the 
influence of local conditions upon the type of system is 
very great and it is often difficult to make comparisons 
between systems in different localities. 

It is desired in connection with primary distribution 
to call attention to one factor which in recent years has 
become of increasing importance in this involved prob- 
lem. Pressure of increasing-load demands by the 
public and the desire for greater economies by central 
station engineers in the use of copper and the saving of 
losses, have of late greatly accelerated the increase from 
2300 to 4000 volts, to 6600 and 11,000 volts, and to 
13,200 and 22,000 volts. The economies have resulted, 
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not particularly from any change in the number of 
phases as such, but from the higher voltage. This 
voltage increase has progressed in a way undreamed of 
twenty, or even ten, years ago. 

Improvements in insulators, protective devices 
and all materials used in the distribution plant have 
resulted in gratifying operating experience and have 
practically wiped out the older, natural distrust of 
voltages higher than 4000 volts. The great economic 
savings of these high voltages therefore have been 
taken advantage of in recent years by many companies. 

The situation in some instances is that of a super- 
position of a primary distribution system with voltages 
such as 11,000 and 13,200, over the present 2300-or 
4000-volt primaries. There is either direct transforma- 
tion to the secondary mains or utilization of the pres- 
ent 2300- or 4000-volt primaries, merely as an intermedi- 
ate short-haul facility. 

Thus, this tendency in primary distribution, where 
prompted by local conditions, appears to be toward 
what may be called super-distribution circuits, often at 
generated voltage, with consequent lower substation 
costs from the omission of transformers and with lower 
losses, instead of toward a moderate change of voltage 
such as from 2300 to 4000 volts. 

The strength of this idea lies in the probability that a 
moderate increase in the primary voltage, so often 
resulting in marked theoretical economies in primary 
copper investment and losses, may require expensive 
reconstruction of substations, distribution plant and, - 
often more serious, costly change over of primary cus- 
tomers’ installations. The additional investment, power 
losses, operating and maintenance costs of the duplicate 
plant during a long transition period require very careful 


~ consideration in order to avoid a long postponement of 


actual net savings from the change. Further, during 
the change over, the load conditions may have so 
changed that the primary system has become inade- 
quate to meet the new conditions and another increase 
in voltage may be required. A glance backward over 
the history of power distribution should constitute a 
warning as to the possible futility of taking too early 
what may later stand out as only a make-shift economic 
step. These statements apply with equal force to 
secondary distribution. 


METERING, MOTORS AND CUSTOMERS’ INSTALLATIONS 


In the two-phase five-wire system, single-phase 
service loops generally are two-wire for loads up to a 
prescribed figure and three-wire for loads in excess. 
For the former range of loads, which are representative 
of small residential consumers, the metering is identical 
whether from a two-phase or a three-phase system. 
For the latter range of loads the metering costs involve 
a comparison between a three-wire, single-phase meter 
for the two-phase system and polyphase metering or 
raising the limit for two-wire services for the three- 
phase system. The cost of a three-wire, single-phase 
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_ meter installation is slightly lower than the cost ofa 


_ two-wire, single-phase meter installation of the same 


Ha kilovolt-ampere capacity and is very much less than 


_ any type of polyphase metering now in use. 
For metering polyphase power load, there is practi- 


cally no difference in the meter costs for two-phase or 


three-phase. 

__ A study of metering costs for a typical system in- 
_ cluding all types of metering, indicates that the total 
investment in metering equipment would be about 
_ fifteen per cent greater for the three-phase system than 
for the two-phase system. 

The cost of two-phase motors of the usual voltage 
and speed ratings is identical with that of three-phase 
motors. In some cases there is a slight additional cost 
for the starting compensators for two-phase motors. 
The two-phase motor at rated full load has an efficiency 
slightly less than the three-phase motor, for the usual 
voltage and speed ratings, which is of the order of one 
per cent for sizes up to about 25 h. p. and less for larger 
sizes. This difference is due partly to the slightly less 
efficient coil design for two-phase and partly to the fact 
that most manufacturers design parts which are inter- 
changeable for two-phase and three-phase motors but 
which are not always quite the most efficient design for 
two-phase motors. The torque characteristics of the 
two-phase motor are as good as if not better than the 
_ three-phase motor, according to manufacturer’s rating 
sheets. The effect of reduced voltage under some of the 
three-phase four-wire schemes is to materially decrease 
the pull-out torque of the standard 220-volt motor. 

The two-phase, five-wire system uses standard motors 
of standard 220 volt rating while the three-phase, 
four-wire system with 115/199-volt mains require the 
development of a new line of 199-volt motors or the 
_ Material de-rating of the present line of motors, (unless 
_ auto-transformers are resorted to), thus resulting in a 
distinctly unfavorable situation. 

It has been claimed that the two-phase, five-wire 
_ system, which for motor service requires four-wires as 
against three wires for the three-phase system, requires 
_ More expensive wiring. Comparative estimates pre- 
_ pared for motor sizes from 10 to 50 h. p., both three- 
Phase three-wire and two-phase four-wire show dif- 
_ ferences of the order of one per cent, in some cases in 
_ favor of the two-phase and in some cases in favor of the 
three-phase. 

These figures are based on 220-volt motors for both 

_ two-phase and three-phase. If the cost of the neces- 
_ Sary auto-transformers were included with the three- 


_ phase motor or allowance made for the additional cost 


PY of a 199-volt motor with its wiring, to be supplied from 

~ 115/199-volt mains, the comparison would be favorable 
_ to the two-phase system. 

; A typical example will serve to illustrate the small 

_ magnitude of the difference of the losses in a two-phase 
motor with its wiring, and a three-phase motor with its 

wiring. Assuming a 10-h. p. motor first three-phase, 
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199-volt, and second, two-phase 220-volt; the differ- 
ence in the value of losses for a period of operation of 
2000 hours per year at an average of 75 per cent full 
load, at two cents per kw-hr., amounts to less than 
$2.75 per year in favor of the three-phase motor. This 
is less than one per cent of the value of the power input 
to the motor and is of such a small order of magnitude as 
compared with the usual variables of installation costs, 
over-sized motors, operating hours, length of wiring, 
ete., that it should not be considered of importance in 
the choice between a three-phase and a two-phase 
system. 

Thus, if the three-phase motor is supplied through 
an auto-transformer from 115/199-volt mains or the 
motor is a 199-volt, the carrying charges on the extra 
investment in motor and wiring, or in auto trans- 
formers, and the additional losses would throw the 
saving in favor of two-phase. 

With a three-phase motor service voltage of 199 
volts, the voltage drop in the wiring in many cases will 
result in a materially lower voltage at the motor 
terminals. Using the same per cent in this ease as is 
nominally allowed between a 230-volt service and a 
220-volt motor, the rated motor voltage should be 191 
volts. 

For lighting loads there are difficulties with the three- 
phase, four-wire system which do not exist with the two- 
phase, five-wire system. The main feeds to panel 
boards must be either four-wire 115/199-volt, with a 
more expensive four-wire panel board, or they must be 
three-wire open “Y’’ with the losses in the wiring ap- 
proximately 50 per cent higher than with three-wire, 
single-phase feeds. There will also be a voltage un- 
balance due to the assymetrical phase relations of the 
current in the wires, its magnitude depending upon the 
power factor, and an increased voltage drop. Single 
phase three-wire feeds from a_ two-phase, five-wire 
system do not have these disadvantages. 


GENERAL ECONOMIC FEATURES OF TW@PHASE FIVE- 
WIRE DISTRIBUTION 


It has been seen from the foregoing discussion that the 
character of service from the two-phase, five-wire sec- 
ondary system, so far as it meets the various distribu- 
tion, engineering and customers’ requirements, has no 
serious disadvantages as compared with the three-phase 
system, and in many respects has outstanding 
advantages. 

Therefore, under such conditions, it will be of interest 
to compare the overall economies of the two systems, 
in order to determine the probable magnitude of the 
cost differential and the importance of this factor as 
compared with costs of change-over and other factors 
not readily measured in dollars. 

For this measurement of their relative inherent eco- 
nomic standing, an analysis of several combinations of 
underground primary and secondary distribution sys- 
tems with two- and three-phase secondaries, was made 


Sr? beast ma ie) 
4 a | ’ a 
840 CHASE: TWO-PHASE, FIVE-WIRE DISTRIBUTION Journal A 
TABLE IJI 
TOTAL ANNUAL COST OF NETWORK SYSTEMS 
Excluding Operation and Maintenance 
No. Primary Secondary Substation Feeders Transformers Mains 
i Range of Primary Voltages: 2300-4600 Volts 
2-ph. 3-wire 4-ph. 5-wire 
1 2300/3252-volt 115/230-yolt $216,050 $92,900 $118,200 $108,760 $535,910 
3-ph. 4-wire 3-ph. 4-wire r 
2 2300 /3984-volt 133 /230-volt 211,700 67,120 122,800 97,680 499,300 
3-ph. 4-wire 3-ph. 4-wire 
3 2300 /3984-volt 115/199-volt 211,700 67,120 122,800 101,820 503,440 
3-ph. 3-wire 4-ph. 5-wire 
4 300/3984-volt 115/230-volt 211,700 67,120 125,300 108,760 512,880 
4-ph. 5-wire 4-ph. 5-wire a 
5 2300 /4600-volt 115/230-volt 218,900 93,580 119,600 108,760 540,840 
13,200-Volt Primary 
3-ph. 3-wire 3-ph. 4-wire § 
1 13,200-volt 133 /230-volt 122,900 44,100 147,900 97,680 412,580 
3-ph. 3-wire 3-ph. 4-wire ' 
° 13,200-volt 115/199-volt 122,900 44,1007 © 147,900 101,820 416,720 
3-ph. 3-wire 4-ph. 5-wire g 
3 13,200-volt 115/230-volt 122,900 44,100 153,800 108,760 429,560 _ 


on a comparative basis, as applied to a definite load and 
Each type of system was given the full benefit of 
Tables III and IV sum- 


area. 
its most economical design. 
marize the results of this investigation. 
shows the total annual cost of an underground network 
plant, including in the total annual cost the fixed 
charges on the investment and the value of the energy 
losses in the various parts. 
vestment in the various parts of the plant for the 


systems considered. 


The cost of the mains for the different types of 
secondary systems does not vary widely, being of the 
order of magnitude of 10 per cent for the total annual 


Table IV shows the in- 


TABLE IV 
INVESTMENT FOR NETWORK SYSTEMS 


Tables Li 


i 


main cost and for the investment in mains. For the j 
transformers and mains together, the cost variation is — 
even smaller in either the 2300-to 4600-volt primary — 
range or with 13,200-volt primary. It will also be — 
noted that the investment in mains is only about 20 “3 
per cent of the total plant investment in substations, — 
feeders, transformers and secondary mains. The 
tables also indicate that the part of the problem de- | 
manding further engineering attention is that pertaining 4 
to the primary, where higher voltages than 4600 show _ 
marked possible economies. a 

These analyses, although on a comparable basis, 4 
cannot evaluate in dollars many of the advantages of the ag 


No Primary Secondary Substation | Feeders Transformers Mains 
Range of Primary Voltages: 2300-4600 Volts 
2-ph. 3-wire 4-ph. 5-wire 
1 2300 /3252-volt 115/230-volt $1,695,000 $792,000 $773,000 $938,300 
3-ph. 4-wire 3-ph. 4-wire 
2 2300 /3984-volt 133 /230-volt 1,665,900 584,000 790,000 851,700 
3-ph. 4-wire 3-ph, 4-wire & <2 ae 
3 2300 /3984-volt 115/199-volt 1,665,900 584,000 790,000 880,700 3,920,600 
3-ph. 3-wire 4-ph. 5-wire et eae 
4 2300/3984-volt 115/230-volt 1,665,900 584,000 830,000 938,300 4,018,200 
ite a 
4-ph. 5-wire 4-ph. 5-wire = 
5 2300 /4600-volt 115/230-volt 1,728,600 816,000 783,000 938,300 4,265,900 — 
13,200-Volt Primary i 
3-ph, 3-wire 3-ph. 4-wire 1,023,000 = 402,000 954,200 851,700 
1L 13,200-volt 133 /230-volt 3, 
3-ph. 3-wire 3-ph. 4-wire 
2 13,200-volt 115/199-volt 1,023,000 402,000 954,200 880,700 
3-ph. 3-wire 4-ph. 5-wire ~ 
3 13,200-volt 115/230-volt 1,023,000 402,000 1,019,000 4 938,300 8,382, 
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two-phase, five-wire secondary system, which it is felt 
fairly match or outweigh the advantages of the three- 
phase, four-wire system for a densely loaded under- 
ground district. 

Other figures which have been prepared lead to the 
same conclusions for the aerial system. 

In the change-over of a d-c. network system 
to alternating current, it may be possible in the choice of 
the best a-c. system to consider the particular district as 
a separate problem, because the d-c. equipment will 
require replacement in any event. However, existing 
a-c. areas, both aerial and underground, which eventu- 
ally will form part of the network area, and the need for 
standardization on one universal type of system will 
have a necessarily large, if not a predominating, 
influence on the decision. 


CONCLUSION 


With an existing a-c. system of any type, now ren- 
dering adequate service satisfactory to the consumers, 
and economical and adaptable to growth, the cost of 
change-over to any other system becomes a very im- 
portant factor. In addition to those costs of a fairly 
determinable nature, there are others less susceptible 
of accurate prediction, such as the extra cost of opera- 
ting two types of systems during the change over and 
the effect of a longer or shorter change-over period. 

Accordingly, with a relatively small inherent cost 
differential between the existing system and one having 
certain more or less proved advantages and some 
known disadvantages, the central station engineer must 
have extremely strong arguments leading out of his 
local situation in order to justfy a change from the 
existing system. 

In conclusion, I desire to express my appreciation of 
the assistance and suggestions rendered by a number 
of my associates. 


WIRING PRACTISES AND MATERIALS, 
SWEDEN 


Sweden is far advanced in the use of electricity 
for domestic and industrial purposes as well as in the 
manufacture of electrical machinery and supplies of 
various kinds. Throughout the country, power gen- 
erated by numerous hydroelectric plants is in general 
use, and to meet the resulting large requirements for 
equipment an important domestic electrical industry 

_ has been developed. 

Domestic manufactures consist principally of mo- 
tors, generators, and large machinery rather than of 
wiring devices and accessories. German influence pre- 
vails in the entire Swedish electrical industry, but 
many electrical engineers employed by the Swedish 
manufacturers have studied in the United States and are 
familiar with American wiring devices and practises. 

In Sweden electrical devices and wiring materials are 
not inspected by any private organization similar 
in its functions to the American Underwriters’ Labo- 
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ratories. However, there has been some demand for 
this service, and a movement is now on foot to form 
the necessary organization. 

At present, the Swedish Government issues regula- 
tions relative to wiring materials and prescribes rules 
for installation work. 

Insurance companies maintain no regular inspection 
service, but for their own protection make a practise 
of examining wiring in factories, stores, and other 
places, or requiring proof that the installations meet 
requirements. Subsequently, the insurance companies 
inspect factory wiring at irregular intervals, sometimes 
only every three years. 

In nearly all cases electric service in Sweden is con- 
trolled by the municipalities or the National Govern- 
ment, and private ownership of utilities familiar in 
the United States is practically unknown. This situa- 
tion facilitates inspection and uniformity of practise, 
but at the same time tends to.make it very difficult to 
change or modify wiring rules and practises. 

In wiring dwellings of the better class, tubing and, 
to a lesser extent, rigid iron conduit are generally used, 
these being concealed in the walls and the ceiling under 
the plaster. In some buildings, especially in garages, 
rigid iron conduit is sometimes placed on the surface. 

Wiring on porcelain knobs on the surface of walls 
and ceilings is sometimes used, principally in cellars 
and damp localities, but wiring in cleats is not com- 
mon. The use of flexible, twisted pair on small 
porcelain button insulators is still practised, but it is 
probable that this mode of wiring will be prohibited in 
the future, while wiring on knobs and through tubes 
concealed in the walls will be unknown. Armored cable 
is used only for special purposes. Lead-covered wire 
is permissible in stables and. in localities exposed to 
dampness or corrosion, but must be covered with iron 
armor. Wooden casing or molding is prohibited. 

The metric copper-wire gage is standard in Sweden, 
and the minimum wire permitted for use in wiring 
dwellings must have a cross-sectional area of 1 sq. m. m. 
For fixtures and other devices, wire having a cross- 
sectional area of 0.5 sq. mm. may be installed. The 
usual rubber-covered wire is required in all cases. 

Rotary switches and push-button switches are most 
commonly used. The tumbler type is also employed, 
but to a lesser extent. Edison screw sockets are always 
used, bayonet sockets being almost unknown. Special 
receptacles or connections near the floor, consisting 
usually of a porcelain two-pin fitting placed on the 
surface with a glass ring attached to the wall in back 
of it, are provided in most houses. 

In order to prevent the consumer using more current 
than he is paying for a special current control is in- 
stalled, which after blinking a short time finally shuts 
off the current when the agreed limit is exceeded. 

The wiring rules do not require that any special 
form of conductor be used for wiring old dwellings 
in Sweden.—(T'rade Commissioner T.O. Klath, Stockholm) 
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Synopsis.—The stand is taken thai the resolution of the leakage 
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Jictitious exciting-current-load winding, constituting the equivalent 
of a four-winding transformer, the simple resolution fails, each 
winding having a different individual leakage reactance when 
associated with one pair of the remaining windings than when asso- 
ciated with another pair. Furthermore, the resolution made 


from the standpoint of real load currents will be different from that 


made from the standpoint of exciting current. Formulas are given 
for such resolutions, and experimental methods are described. The 
problem is also considered from the standpoint of flux distribution 
and linkages, and the limitations of some common views are 
pointed out. 


INTRODUCTION 


HE old puzzle of the division of the leakage reactance 
Pes a transformer into primary and secondary react- 

ances is usually discussed with the tacit assumption 
that such a division exists in nature,—definite, inherent 
and absolute,—and that our problem is merely to ascer- 
tain,its value. But the resolution of the leakage react- 
tance of two windings into the reactances of the individual 
windings is no more determinate than the resolution of 


the distance between two points, A and B, into two 
parts, one as A’s distance, and the other as B’s dis- 
tance. For this reason, it is frequently reported by 
investigators that the experimental separation of the 
primary and secondary ~eactances has failed. 
However, if the resolution is desired, not for pure 
philosophic interest but for a definite concrete object 
in view, then, this object furnishes us the point of view 
relative to which the resolution is to be made, and the 
problem becomes determinate. In every instance 
1. Technical Engineer, General Electric Co. 
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where an investigator reports that he has found a means 
of experimentally segregating the primary and second- 
ary reactances, it will be found that he has referred the 
resolution to some arbitrary point of reference, prob- 


ably very useful and valid for his purpose, but arbi- — 


trary just the same. 


The resolution of leakage reactance into primary and 
secondary reactances is sometimes necessary for certain 
practical purposes, as shall be illustrated below, but 
it will be found in every instance that the resolution 
which is valid for one purpose is not valid for other 
purposes, and that, therefore, any such resolution has 
to be relative and conditional. 


Zy 


Fre, 2 


THE EQUIVALENT CIRCUIT 


The classical treatment of a transformer is by means 
of its equivalent circuit (Fig. 1A or 1B). If the exciting 
current be ignored, the equivalent circuit becomes like 
that shown in Fig. 2. If the exciting current is ignored, 
and the transformer be assumed to have both a second- 
ary and a tertiary winding then the equivalent net- 
work becomes like that shown in Fig. 3. 
the equivalent network of a two-winding transformer, 
which draws an exciting current, (Fig. 14 or 18, espe- 
cially the latter), with the equivalent network ofa three- 
winding transformer which draws no exciting current, 
(Fig. 3), the essential identity of the two becomes 
evident. That is, the standard equivalent circuit of a 
transformer (Fig. 1) treats the exciting current as 
though it were a (fictitious) load-current drawn from a 
(fictitious) third winding. From this standpoint, the 
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resolution of leakage reactance into separate primary 
and secondary reactances becomes a three-winding 
transformer problem, the general solution of which has 
been accomplished within the last few years? and which 
we may briefly review here. 


Z; 
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GENERAL THEORY OF THREE-WINDING TRANSFORMER 

In considering the effect of the impedance of a three- 
winding transformer on its performance, such as regu- 
lation, short-circuit current, division of load, etc., we 
may resolve the leakage impedances between pairs 
of windings into impedances of the individual windings, 
the only condition to be satisfied being, that, sym- 
bolically, 


Z41+2Z2=Z (1) 
22 a Z: = 223 (2) 
241+2Z3; =Zi; (3) 


It may be evident from these equations that the 
resolution of Z,, into Z; and Z, is made dependent on 
winding No. 3 by involving Z,;, and Z,.;, so that if 
winding No. 3 is altered the resolution of the leakage 
reactance between windings No. 1 and No. 2 into Z; 
and Z, is also altered. Certainly, any such resolution 
that is made variable with changes in a third winding 
cannot be considered absolute or inherent but must be 
considered purely relative. Generalizing, we may say 
that a winding may be said to have a definite individual 
leakage reactance only with reference to two other 
windings. Referred to less than two other windings, 
the individual leakage reactance of a winding is inde- 
terminate, any resolution being as good as any other, 
and all of them being equally needless. Referred to 
more than two other windings, the reactance character- 
istics of a winding cannot be completely specified by a 
single value. 


APPLICATION TO TWO-WINDING TRANSFORMERS 


In a two-winding transformer the resolution of the 
leakage reactance into primary and secondary re- 
actances having a significance only in relation to the 
. exciting current, and the exciting current being con- 
ceivable as occasioned by a load in a fictitious third 
winding, the desired resolution, in the light of the theory 
of three-winding transformers, may be defined as 


2. Transformers for Interconnecting High Voltage Trans- 
mission Systems by J. F. Peters and M. E. Skinner. JourNaL 
A. I. E. E., June 1921, Vol. XL, page 483. 

Theory of Three-Circuit Transformers, A. Boyajian, JouRNAL 
A. I. E. E., 1924, Vol. XLIII, page 345. t 
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follows. Let C represent the fictitious third winding 
which simulates the characteristics resulting from the 
core. The leakage reactances between this fictitious 
winding C and the real windings No. 1 and No. 2, 
respectively, may be designated as X,, and X»,. The 
individual leakage reactances X; and X», resolved with 
respect to the exciting current, will be given by 


Xy = (Xi. + Xi2— Xo) /2 (7) 
Xo = (Xo + Xi2— X,,)/2 (8) 
X. = (Xie + Xu — Xz) /2 (9) 


The equivalent network of this resolution, as that of a 
three-winding transformer, is shown in Fig. 4, which is 
another form of Fig. 1B. 


It may be noted that the core exercises a controlling 
influence on the resolution when made with reference 
to exciting current, (even though its effect on the total 
leakage reactance is ordinarily small), but it exercises 
no direct influence on the resolution when made with 
reference to load currents as in a three-winding trans- 
former. 

If it is desired to consider the element of exciting 
current in a three-winding transformer, the problem 
becomes one of four-windings, the exciting current 
being represented as a load in a fourth (fictitious) 
winding, as outlined above. In this case no definite, 
consistent reactance values can be assigned to the 
windings to indicate their performance rigorously from 
the standpoint of exciting-current. Furthermore, even 


c 
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if this could be done, the reactance values so assigned 
would be inconsistent with the values required to 
represent their load characteristics properly. 


INDIVIDUAL LEAKAGE REACTANCES IN TERMS OF 
SELF AND MUTUAL REACTANCES 


Considering the equivalent network of a two winding 
transformer with its fictitious third circuit, C, (Figs. 
1B and 4), it will be evident that the impedance, Z., 
is in series with and common to both of the circuits 
No. 1 and No. 2, and may, therefore, be recognized as 
the mutual reactance M,,. between the two circuits. 
Z:- Will be recognized as the open-circuit self inductive 
reactance of circuit No. 1, which we may designate as 
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Z,', Z.. as that of No. 2, which we may designate as 


Z,’. Evidently, 

Z, =2Z4y— Le (10a) 

= Z,'— Miz (10b) 

AR WAS = (11a) 

= Z,’— Mi (11b) 

Z2=Z4, + Ze (12a) 
=Z;'+Z,'—-2Mxy (12b) 

Equation (12b) will be recognized as classcial. 


Equations (10b) and (11b) have been used in the past? 
to define the individual reactances Z, and Z», but no 
recognition has been made of their relativity with 
respect to the exciting current so far as the present 
writer is aware. These equations (10b) and (11b) 
if derived directly, based on the reasoning that the total 
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Primary 
Impedance Drop 


s 
Pras a5 


voltage induced in the winding is the difference between 
the self-inductive voltage drop and the mutual voltage 
induced from the other winding, have the appearance 
of finality. However, when they are derived, as a 
special case of a three-winding transformer, even though 
the derivation is roundabout, it is believed that the 
relativity of the resolution is thereby made clear. So 


far as utility for practical computation is concerned, 
neither the set of equations (7), (8) and (9) ‘nor the 
(11b) 


set (10b), and (12b) is of a great deal of value. 


Their primary use is to define the quantities to which 
they refer and thus suggest and guide ee methods 
of calculation. 


EXPERIMENTAL RESOLUTION 


Consideration of the equivalent circuit of a two- 
winding transformer, (Figs. 1 and 4), suggests a variety 
of test methods for the determination of X, and X>. 


3. See for instance Rogowski, Dispersion in Transformers, 
ETZ, Vol. XXXI, pp. 1033- 1036, 1069-1071; also, Mitteilungen 
uber Forschungsarbeiten, Heft. No. 71. 
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They are. very simple and convenient for transforgners 
with 1:1 ratio. Those with other ratios will require 


ratio as their own and the results will naturally be 
complicated on account of errors of ratio and phase 
angle introduced by these auxiliary transformers. 

1. Regulation due to Exciting Current. The primary 
impedance drop, due to exciting current, can be 


measured directly and very exactly in a 1:1 ratio trans- — 


former by using the connection shown in Fig. 5. Know- 
ing the current and the impedance drop, the value of 
the impedance follows by Ohm’s law. If the trans- 
former ratio is not unity, a potential transformer of the 
same ratio would be necessary for the test. 

2. Division of Exciting Current. If the two windings, 
(1:1 ratio) are excited in parallel, they must divide the 
exciting current inversely as their respective leakage 
impedances. The equivalent circuit diagram of this 


? 


( 
Main Trans. 
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test condition is shown in Fig. 6. When the ratio is 
not unity, the windings may be paralleled through a 
suitable current transformer. 

3. Series Impedance Test. With the two windings 
connected in series opposition, (Fig. 7A), the voltage- 
drop across each winding can be measured directly, and 
knowing the current, the individual leakage impedances 
follow by Ohm’s law. With ratios other than unity, 
the two windings may be connected in series through a 
suitable current transformer, (Fig. 7B) although the 
results are likely to be disturbed by the errors of ratio 
and phase angle of the current transformer. 

4. Parallel Impedance Test. If the two windings are 
excited in parallel-opposition, (Fig. 8), so that the core 
cannot be magnetized as a whole, the impressed voltage 
must be balanced by the leakage impedance of the two 
windings, and the division of current between them 
will be inversely as their respective leakage impedances. 

Absolutely consistent results need not be expected 
from all these tests. In fact, the results will vary some- 
what with varying values of current and voltage even 


either current or potential transformers of the same — 
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when using the same connection. The reason for this 
is that changes in the permeability of the core at various 
densities affect differently the reluctances of the external 
and internal parts of the magnetic circuit, neither the 
iron magnetic circuit nor the air magnetic circuit, 
(which are in parallel), having uniform section or length. 
This fact was forced to the attention of the writer in 
1921 while investigating the division of third harmonic 
eurrent between transmission lines and internal deltas. 
The method of test and some of the results bearing on 
the present discussion were as follows: 

5. Third Harmonic Tests. The division of exciting 
current, described under test method No. 2, would, of 
course, apply to the higher harmonics of the exciting 


a 


current as well as to its fundamental, at least to a first 
approximation. Hence, if two parallel paths are 
offered to the flow of the third harmonic exciting 
current, as for instance by two delta-connected wind- 
ings, (Fig. 9), the division of the third harmonic 
exciting ampere-turns between them must be inversely 
as their respective leakage impedances. Hence, having 
obtained the division of current by test, the division of 
the leakage impedance between the two windings fol- 
lows as indicated. 

The foregoing method was tested on a three-phase 
bank of two-legged core-type transformers having a 


number of concentric windings on both of the legs. 
One set of windings was connected in Y for excitation, 
and two sets were connected in delta, (Fig. 9). The 
two delta windings had the same current and voltage 
rating and had low impedance between them, their 
60-cycle leakage reactance being about three times their 
resistance. Both of the delta windings were on one and 
the same leg of the core. The Y primary windings were 
chosen on the same leg as the delta windings in one set 
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of tests (marked Case I. below), and on opposite leg 
in another set of tests (marked Case II. below), to 
observe the effects of low and high reactances between 
the primary winding and the two secondary delta 
windings, with results as follows: 


Third harmonie circulating 

current in each unit in per 

cent of the total third 
harmonic current. 


Nominal flux density in core. 
Delta B Delta C 


Case { 38 Kilolines/sq. in.....51 percent 49 per cent 


Tey) e129 a « «  44percent 56 per cent 
Low Reactance 
Case { 43 - ae 48 per cent 52 per cent 
TT. 113 s st 53 per cent 47 per cent 


High Reactance 

It is of interest to note how the division of current 
(and reactance) changes with a change in core density, 
and also how the direction of change with high reactance 
primary is opposite from that with low reactance pri- 
mary. It may be remembered from earlier discussion 
that this is really a four-winding problem,—three real 
and one fictitious windings, and that the treatment of 
this as a three-winding problem, that is as two real 
(delta) windings and one fictitious winding representing 
the core, is justifiable only at the lower densities, where 
the primary exciting current and the corresponding 
flux in air are small, as confirmed by the fact that 
Cases I. and II. given above approach each other at the 
lower density. 
THE VIEWPOINT OF FLUX DISTRIBUTION AND LINKAGES 

Discussion of reactances by transformer engineers 
is frequently expressed in terms of flux linkages. This 
is the designers point-of-view, and has its uses in the 
determination of losses. As this involves a more 
detailed analysis of the transformer, one might be 
led to consider it more basic and accurate. However, 
as ordinarily handled, it has serious limitations. For 
instance, a common statement by transformer specialists 
is that most of the reactance of a transformer, (say 
80 per cent to 90 per cent) is primary reactance and 
that only a small portion, (say 10 per cent to 20 per cent) 
is secondary reactance. Such a view, although con- 
ceding the relativity of individual reactances by assign- 
ing the reactance primarily to the excited winding, fails 
by not distinguishing between main and leakage fluxes 
and their composite. The basis commonly cited for 
the assignment of the total or major part of the re- 
actance to the excited winding is briefly as follows: 
Ignoring the small resistance drops of the windings 
for simplicity, the net flux-linkages of each winding 
must be proportional to its terminal voltage. But on 
the impedance test the secondary terminal voltage is 
zero, and hence its net flux-linkages must be zero. 
This condition, however, does not require that no por- 
tion of the secondary should link any flux. Since 
windings must have some thickness, and leakage flux 


— 
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within their thickness, partial flux-linkages of the 
short-circuited secondary cannot be avoided, the magni- 
tude and sign of these partial linkages being such as to 
add up to zero. In making such an analysis it is found 
that the major part of the flux links exclusively the 
excited winding, a small part links both the excited 
winding and the short-circuited secondary, and another 
small part (equivalent and opposite to the preceding) 
links exclusively the short-circuited secondary. Ba- 
sing the resolution of reactance on such a resolution of 
fluxes, if net flux-linkages alone are considered all 
reactance becomes primary and none secondary; and 
if the partial exclusive flux-linkages of the secondary 
are featured, a small fraction of the total reactance 
becomes secondary. However, this plausible reasoning 
fails by confusing the total short-circuit flux with the 
leakage flux. The flux distribution and linkages hinted 
above are true only for the resultant of the main and 
leakage fluxes, and therefore the distribution or linkages 
of the latter cannot be considered a direct measure of 
the distribution of the leakage reactance. It would be 
erroneous to assume that there is no main flux under 
the impedance test condition, even ignoring the resist- 


ance of the windings. Main and leakage components 
of the flux may cancel in the short-circuited winding, 
and add up in the excited winding, as illustrated in 
Figs. 10a and 10b; but the fact that the linkages of the 
resultant flux with the secondary is zero could not be 
taken as a proof that the leakage reactance of that 
winding is zero, as this can be proven only by segre- 
gating the leakage flux proper and determining its 
linkages. The two component fluxes, under the 
impedance test condition, are so intimately merged into 
each other that their segregation, if attempted by 
measurements made on the composite flux, is most 
discouraging, as has been the experience of many an 
investigator‘. The practical solution of the problem 
would rest in making measurements under conditions 


4. See for instance, K. B. McEachron, “Magnetic Flux 
Distribution in Transformers,” Journau A. I. B. E., 1922, pp. 
281-287. 

It may be noted that in the simple case of a perfectly sym- 
metrical magnetic circuit (ignoring the resistance and thickness 
of the secondary), the main flux dm and the leakage flux d, 
(shown in Fig. 10a for the impedance test condition) wipe out 
each other bodily where they fall together, as in the return leakage 
field of the secondary, and the resultant flux in this region be- 


TRANSFORMER REACTANCE 


in which only one kind of flux exists at a time: /(a), 
leakage flux unmixed with main flux in one ease; (b), 
main flux unmixed with leakage flux in the other. Con- 
dition (a) is realized by connecting primary and second- 
ary windings in series-opposition (one to one ratio) 
in which case no exciting current and hence no main 
flux can exist. Condition (b) is realized by open-cir- 
cuiting the secondary, so that no load current, and 
hence no leakage flux, can exist, and impressing on the 
primary a voltage equal to the secondary impedance 
drop measured in the preceding case. One small 
limitation must be borne in mind that due to the differ- 
ent permeability of the core at different densities, the 
flux distribution and linkages for the resultant flux 
will not follow exactly the calculated values based on 
linear combinations of the two components. 


CONCLUSIONS 
The idea of individual leakage reactance for 


(1) 


circuits inductively related to each other is a very. 


convenient conception for certain purposes; however, 
the resolution is not inherent and absolute, but is purely 
relative, and is workable only when the problem is 
theoretically resolvable into three circuits. With less 
than three circuits, the resolution is indeterminate; 
and with more than three circuits, it is not possible. 

(2) Ina two-winding transformer, such a resolution 
can have a significance only with respect to the exciting 
current. The resolution is then defined (in terms of 
three-winding theory) by conceiving the exciting current 
as caused by a load in a fictitious third winding. 

(3) As a practical definition, the individual react- 
ances of a two-winding transformer may be defined as 
the apparent individual reactances of the two windings 
in series-opposition connection, on the basis of 1:1 ratio. 
Other methods of test are also described in the text, 
but perfect agreement among the various methods 
cannot be expected on account of the varying perme- 
ability of the core at the different densities involved. 
The different densities will influence the division of 
reactance very sensibly, even though they may not 
affect the total reactance appreciably. 

(4) In a three-winding transformer, it is not rigor- 
ously possible to assign a definite individual leakage 
reactance to each winding with reference to exciting 
current, but it is possible to do so with reference to their 
load currents. : 

(5) Flux distribution and linkages under the short- 
circuit test condition apply to the resultant of a main 
flux and a leakage flux and therefore may not be taken 
as a direct measure of the division of leakage reactance 
between primary and secondary windings. 
comes zero, as shown in Fig. 10s. In actual transformers, the 
distribution of main and leakage fluxes in the return field are 
neither alike nor uniform, and, therefore, although the two will 
still neutralize one another’s total linkages, they will not wipe 
out each other’s fluxes at every point in the return path of the 
secondary leakage field, and some of the secondary leakage 
flux will retain its identity. It is this partial flux which is 


sometimes erroneously taken as the measure of secondary leakage 
reactance. 
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The Measurement of Electrical Output of Large 


A-C. Turbo-Generators During Water-Rate Tests 
BY EVERETT S. LEE! 


Associate, A. I. E, E, 


Synopsis:—The water-rate of large a-c. turbo-generators is 
determined in place with the generator supplying power to the exist- 


ing commercial load. Such procedure requires that the electrical 


output be, accurately measured under conditions where the load is 
practically always varying slightly, and where it may be varying 
considerably. Portable test meters are frequently used for such 
measurement. The use of portable indicating wattmeters is abso- 
lutely feasible for such measurement even where the load variations 
are extreme, with the resultant accruing advantage that the superior 
operating characteristics of the portable indicating wattmeters, 
particularly as regards their permanency, are utilized. 

Hither the two-wattmeter or three-wattmeter method for measuring 
the power of a three-phase circuit may be employed. 

Great care should be used in selecting instruments, particular 
reference being made to their past history. Comparisons against 


secondary standards should be made under conditions simulating 
those of the test. 

Observations are made at frequent intervals depending upon the 
accuracy desired in the final result. 

The accuracy of the final values of water-rate obtainable in prac- 
tise is such that the per cent average deviation from the mean will 
be within + 0.26 per cent. This means that practically all individ- 
ual test results will fall in a belt 1 per cent wide, while the probably 
true value of water-rate will be located within a belt which will vary in 
width from 0.5 per cent to 0.25 per cent depending upon the conditions. 

The results of a water-rate test on a highly variable load wherein 
the electrical output was measured with portable indicating watt- 
meters and the observations were obtained both with moving-picture 
cameras and by observers show the equality of the performance of the 
observers and the cameras under the existing conditions. 


INTRODUCTION ‘ 


HIS paper describes the methods used in measuring 
the electrical output in forty series of water-rate 
tests during the past five years on thirty-one 
machines located in twenty different power plants in 
this country. The machines tested ranged in rating 
from 10,000 kw. to 45,000 kw., and the test loads were 


_ the usual commercial loads supplied by the respective 


machines. ; 

These tests were either guarantee acceptance tests or 
were for purposes of determining the improvement in 
water-rate produced by advance in machine design. 
Measurements of maximum possible accuracy were 
thus required and all means known to the art for at- 
taining such results were available for use as far as they 
could be applied under the conditions imposed when 
testing on commercial loads. 


INSTRUMENT CONNECTIONS 


The usual load being connected three-phase, the 
three-wattmeter method was used in practically all of 
the series of tests because of its symmetry. The 
connections are shown in Fig. 1. The generator neutral 
being available in practically all large turbo-generators, 
the connections for the three-wattmeter method are 
easily made, a set of instruments being connected into 
each phase. Values of phase voltage, current, and 
power are thus measured directly, from which measure- 
ments the phase power factor can be readily calculated. 
These values are required for making the necessary cor- 
rections to the readings of the wattmeters. Since the 
phase power unbalance is usually not more than two or 


1. General Engineering Laboratory, General Electric Co., 


Schenectady, New York. 
Presented at the Regional Meeting of Dist. No. 1, Swamp- 
scott, Mass., May 7-9, 1925. 


three per cent, the three sets of instruments are opera- 
ting under practically identical conditions which is an 
advantage both when comparing the instruments and 
applying corrections, and in operating with them. 
There is no disadvantage as regards measurement, 
however, if the phase unbalance is large, as the phase 
values are directly measured in each case. Since the 
phase power factor is the same as that at which the 
wattmeters are operating, and since the former is rarely 
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less than 0.8, the wattmeters are operating under their © 
best condition which is near to unity power factor. 

The two-wattmeter method was used in some series of 
tests. The connections are shown in Fig. 2. The two- 
wattmeter method requires less equipment and one less 
observer than the three-wattmeter method, but it is not 
symmetrical because the phase relation between the 
current and voltage supplied to the respective watt- 
meters differs from that of the load, and is different in 
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the respective wattmeters. The actual conditions 
as regards the current, voltage, and phase relation be- 
tween them for the individual wattmeters can be 
determined from the well-known relations existing when 
_ measuring three-phase power by the two-wattmeter 
method. These values must be known when deter- 
mining the conditions under which the wattmeters are 
to be compared, and when correcting the wattmeter 
readings later during test. Except at unity power- 
factor load the indications of the two wattmeters will be 
at different portions of the scales; this requires that 
consideration be given the wattmeters individually as to 
the suitability of scale range. When the load power 
factor is 0.8, current lagging, and load balanced, the low- 
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reading wattmeter is operating at a power factor of 
0.39. This is not at the best operating point of a watt- 
meter as regards power factor. If the generator neutral 
is grounded and a ground occurs at any other point on 
the system, the power may not be correctly measured. 
For this reason the generator neutral should be un- 
grounded during test. 

Experience does not indicate that there is any real 
difference in the overall accuracy of a water-rate deter- 
mination whether the three-wattmeter method or the 
two-wattmeter method is used, provided that the exist- 
ing conditions are determined and the proper cor- 
rections made for same in each method. Where a 
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large number of series of tests are to be made under 
widely varying conditions, it is felt that these condi- 
tions can be determined and the necessary corrections © 
applied more easily when using the three-wattmeter — 
method. For this reason the latter method has been — 
generally used, in spite of the increased equipment and — 
additional observer required, and the uniformly satis- — 
factory results obtained thereby have justified: this — 
selection. at 


INSTRUMENTS 


Portable indicating wattmeters have been chosen for — 
measuring the electrical output because of their superior _ 
characteristics, particularly as regards their perma- — 
nency. Portable test meters have usually been used in 
parallel with the indicating wattmeters as shown by the ~ 
connections Figs. 1 and 2. This was done to study the 
operating characteristics of both indicating instruments 
and portable test meters. . 


For water-rate tests, where sustained accuracy is 


required, instruments exhibiting the most permanent 
calibration characteristics should be used. In order | 
to select such instruments from any group’ available, 
they should be compared regularly with secondary 
standards and a careful record should be maintained of 
all such comparisons made. By means of such a record 
over a number of years the instruments of greatest 


permanency will be disclosed. Such a procedure is of . 


greatest importance and should be regularly followed, 
especially with the wattmeters. Table I shows the 
results of successive comparisons made upon a portable 


indicating wattmeter thus selected from a group of q 


similarly made instruments. The wattmeter was car- 
ried from laboratory to laboratory by messenger. The 
results show no difference practically greater than 0.1 of 
1 small scale division. This is typical of the perform- 
ance possible from selected instruments. From such a 
proof of permanency of calibration possible in high- 
grade portable indicating wattmeters, the surety for 
sustained high accuracy throughout a series of tests is _ 
evident. 
Having selected the instruments, it is necessary that — 
they be compared against secondary standards, under 


TABLE I a 
SUCCESSIVE COMPARISONS OF PORTABLE INDICATING WATTMETER, RATED 5/10 AMPERES, 150/300 VOLTS, 500/1000/1000/2000 a. | 


WATTS, 


COMPARISONS MADE ON 5-AMPERE 150-VOLT CIRCUIT 


Standard- | Bureau of 
izing Lab- _G. E. Co. G. E. Co. , G. E. Co. G. E. Co G. E. Co. G. E. Co G. E. Co. G. E. Co Standards | G. E. Co. B 
ees Schenectady Pittsfield |Schenectady Erie Cleveland Ft. Wayne | Schenectady | West Lynn. | Washington |Schenectady 
Stee NG YS Mass. De sy Pa. Ohio Ind. Nee Ye Mass. Dee Nuys i 
ate. 9-13-20 9-16-20 9-18-20 9-20-20 9-22-20 9-25-20 10-8-20 10-11-20 10-22-20 “10-29-20 
Watts Instrument Reads $ 
ay 0 0 0 0 0 (0) 0 0 0 0 2 
50 50.0 50.0+ 50.0 no 
ve observation 50.5 — 51.0 50.0 50.25 50.7 50.25 
ae 100.5 100.5 100.0 + 100.0 + 100. 5/— 100.5 100.0 + 100.5 — 100.8 100.5. 
ae 200.0 200.5 200.0 200.0 + 200.0 — 199.5+ 200.0 200.0 200.0 200.0 — 
pine 300.0 300.0 300.0 300.0 300.0 300.5 — 300.0 300.0 300.2 300.0. 
a pele 400.0 400.0 401.0 399.5 400.0 400.0 — 399.5 399.9 400.0 — 
00.5 500.5 500.5 + 500.0 500.5 + 501.5+ 500.5 » 501.0 501.2, 500.5 + 


0.1 of 1 small scale division is 0.5 watts 


—s 
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conditions simulating test conditions. 


_ the average of direct and reversed readings. 


Ammeters 
and voltmeters should be compared at major scale 


_ points, with preferably the same kind of current and 


voltage to be measured during test. Wattmeters may 
be compared using direct voltage and current by using 
This 
assumes that previous measurements have been made 


on the instruments and standards employed to assure 
_ the correctness of such procedure. 
‘voltage maintained on the potential circuit of the 


The value of the 


wattmeter during comparison should be the test value. 
The interconnections of the potential and current coil 
maintained during the comparison should be likewise 
maintained during test. The value of the phase angle 
of the potential circuit of the wattmeter requires con- 
sideration, though in all high-grade wattmeters this is 
quite small, such as three to five minutes, and may 
usually be neglected without error in final result. 
Attention should be directed to the small scale di- 
visions of the wattmeters to see that these are properly 
located. A scale wherein the small scale divisions are 
improperly located should be replaced with a scale 
properly made. As mentioned above, when using the 
two-wattmeter method, one wattmeter may be indica- 
ting at the lower end of the scale; it is necessary, under 
these conditions, that the scale be open at the lower end. 
In order to be assured that there is no heating error 


in the wattmeters due to continuous operation during 


ee re a, 


. ee ee ee ee 


_ rate test. 


the water-rate test, comparisons should be made at the 


beginning and end of a heat run on the wattmeters at 
normal voltage and maximum current to be measured. 
If a heating error is found, correction should be made for 
same by using the comparison obtained with the instru- 
ment hot and then allowing the instrument to become 
hot before use in test. However, the best high-grade 
portable wattmeters have practically a zero heating 
error, and such instruments should be used during all 
tests where maximum accuracy is required. 

If watthour meters are to be used, they should be 
calibrated and adjusted in the laboratory so as to have 


_ their best operating characteristics in the range of test 


values. However, the accuracy curve employed for 


- correction during test, should be obtained ‘‘in-place”’ 


using the test current and voltage. This should be done 
with portable indicating wattmeters during the water- 
The connections shown in Figs. 1 and 2 


allow for such “‘in-place’’ checks to be made, Two- 


Minute runs, with the observer reading the indica- 


ting wattmeter as rapidly as possible, which will give 40 


to 60 observations per minute, are suggested as neces- 
_ sary and sufficient. 


A frequency indicator, or other instruments as de- 
sired, may be included in the instrument test circuit. 


Instrument current and potential transformers of 


‘proper rating and accuracy characteristics should be 
chosen. 
_ dition of loading equivalent to the instruments, meters 
and leads used during test should be obtained by rec- 


Values of ratioand phase angle for the con- 
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ognized means to cover the range of test values of 
current and voltage. 

All instruments should be compared immediately 
before and immediately after the test series. Inter- 
mediate tests at two-week intervals may be advisable 
if the test series is long. Instrument transformers 
usually need to be calibrated only once during the test 
series, preferably immediately preceding it. Watt- 
hour meters must be calibrated “in-place,” preferably 
immediately before and immediately after each in- 
dividual test. 


OBSERVATIONS 


The instruments having been carefully selected and 
compared for the test conditions, they are connected 
into the generator line leads as shown either in Figs. 1 
or 2. After checking over connections, and comparing 
the test-instrument readings with the available switch- 
board-instrument readings to see that there are no 
major errors, everything is ready to run a test as re- 
gards the measurement of electrical output. 

Testing on commercial loads requires that means be 
provided for determining the readings of the indicating 
wattmeters over a wide range of load conditions. 
The load may be extremely variable, as in some railway 
systems, or quite steady as in a large system of combined 
power and lighting. The means employed has been to 
take a large number of observations during the test on 
the theory that if the number of observations is suf- 
ficiently large, the average value obtained therefrom 
will be accurate to within the desired limit, and ex- 
perience has justified this procedure. 

The uniformly satisfactory results of many tests 
indicate that a test of one-hour duration is ample. 
Table II shows results to substantiate this conclusion. 
If it is felt that the conditions at hand warrant tests of 
longer duration, several tests should be run at the longer 
duration and the results for each hour of the run be 
calculated. Such results will indicate whether the 
necessity for tests longer than one hour is justified. If 
such is the case, it is quite possible that some of the test 
conditions are not right and should be altered. In this 
connection it should be remembered that three one-hour 
tests at any load point run non-consecutively, are 
of greater value than three one-hour tests run 
consecutively. 

The observers for the indicating instruments should 
be men who are capable of comprehending the nature of 
the work they are doing and who recognize that their 
efforts should be directed towards obtaining an honest 
answer as to the value of the water-rate of the machine 
under test. Their contribution to this effort is record- 
ing the readings of the indicating instruments as they 
honestly believe them to be. Experience obtained with 
high school graduates, college undergraduates and 
graduates, and construction men of mature years, 
indicates that any of these types of men are equally 
suitable as observers during a test series including some 
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dozen or two dozen tests and continuing for one or two 


weeks. 
follows: 


The instructions given to all observers are as 


1. Place yourself so that you are comfortable and 
can see the instrument scale without hindrance. 
2. Study the appearance of the instrument scale, 
pointer, and mirror, and have these fixed so clearly in 
mind that you can look at them and see them with the 
same familiarity as you would a book or newspaper. 


“¢ 9"). 
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at a given signal, such as a bell. Unless the obs 
are widely separated, no preliminary signal is nec 
Instruments are read in regular order, the watt1 
first, followed by the ammeter and voltmeter. — 
two latter instruments need be read only at every 01 
signal, or in some cases, every fifth signal. Wattk 
meters are read at the beginning and at the end of e 
test. 

A relief observer will be necessary. The relief can be 


TABLE II 
WATER-RATE FOR EACH HOUR OF TESTS OF LONGER THAN 1-HOUR DURATION 
— Water-rate for each hour is expressed in per cent of the water-rate obtained from the test, which value is expressed as 100 per cent 
Maximum 
Turbo- Water-Rate Difference 
Generator Test Duration (Expressed on basis of 100% for ‘Test Value) From Test 
Designation Designation of ———————————_ Value Expressed 
Number Number Test For Test 1st Hour 2nd Hour 3rd Hour In Per cent Type of Load 
1 1 2 Hrs 100 100.0 99.8 0.2 Rapidly 
1 2 2 Hrs. 100 99.8 100.2 0.2 Fluctuating 
if 3 2 Hrs. 100 100.9 99.2 0.9 Railway Load 
1 4 2 Eire: 100 100.1 y 100.0 0.1 
2 1 8 Hrs. 100 100.3 100.0 99.8 0.3 Steady Lighting 
2 2 3 Hrs. 100 100.1 100.0 99.8 0.2 and power load 
2 3 2 Hrs. 100 100.0 100.0 0.0 
3 | 1 3 Hrs. 100 100.2 99.9 99.6 0.4 
3 | 2 3 Hrs. 100 100.2 99.9 99.9 0.2 Steady 
3 | 3 3 Hrs. 100 99.9 100.2 99.9 0.2 
3 | 4 3 Hrs. 100 99.9 100.2 99.9 0.2 Lighting 
3 5 3 Hrs. 100 100.0 100.0 0.0 
3 | 6 2 Hrs. 100 100.0 100.0 0:0) and 
3 | g 2 Hrs. 100 100.1 100.0 0.1 
3 8 2 Hrs. 100 100.0 99.9 0.1 Power Load | 


3. Read the position of the pointer on the scale over 
its image in the mirror just as you see it when you look 
at it at the designated signal with both eyes open. 


Read freely and without constraint. 


observed. 


Turbo | Duration Time 
Generator of Test Interval ? 
Designation in between Load 
Number Minutes Readings Conditions 
4 60 1 min. moderately 
4 60 1 min. variable 
4 60 1 min. 
4 6 15 sec. moderately 
4 5 15 sec. variable 
4 5 15 sec. 
5 5 15 sec. steady 
6 2 2 sec. steady 
6 pe 2 sec. lighting 
6 4 4 sec, and 
6 10 20 sec. power 
6 10 20 sec. load 


*Ammeter and voltmeter read every two minutes 


TABLE III 
RESULTS OBTAINED BY CONNECTING ALL INSTRUMENTS IN SERIES UNKNOWN TO THE OBSERVERS 


Record the value 


Observers A, B, C 


utilized also to read the values of field voltage and 
current, which as a rule need be read only at five- 
minutes intervals during a one-hour test. A super- 
visor is necessary, together with an assistant who acts 
as calculator. There are thus required four observers, 


‘ 


Max. difference in per cent between results 
obtained by individual observers 


Phase 1 


PPPPrPrPParmrPrap 


4, Atall other times rest the eyes by looking around 


as desired. 


interval. 


Do not try to average readings during an 


5. ‘Do not allow your readings to be influenced by 
any preconceived ideas as to what the value is probably 
Record the result just as it appears to you 


going to be. 


at the time. 
Each observer is assigned to one group of instru- 


ments. 


Each observer reads the indicating wattmeter 


| Wattmeters 


Phase 2 Phase 3 Ammeters ee 
B e) 0.04 1.13* 01455 
A B 0.25 0.72* O27 Ss 
re) A 0.11 1.78* 0.27% — 
B 0) 0.20 0.52 0: 36cm 
ce) A 0.28 0.50 0.27 
A B 0.84 0.48 0.277. am 
B Co) 0.33 0.41 Oveloee 
B (8) 0.30 ee 
B ce} 0.06 a 
B rel 0.46 on 
B ro) 0.40 1.00 ita 
B Cc 0.40 0.85 : 


one calculator, and a supervisor. The supervisor will ' 
have to help the calculator after the completion ot oa 
days run when the observers are released. . 

The supervisor and the observers will have to co 
operate in order that the supervisor may help the o 
servers to do their work and to detect cating Be 
tendencies in making observations. Rotating — 
observers is good practise. A good way to 
observers is, unknown to them, to connect a 
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instruments in series on one set of current and potential 
transformers. Then run fora convenient time interval, 
preferably an hour, as during a test, and compare the 
results obtained by the individual observers. Results 
from such a procedure are shown in Table TRE: 

The frequency of observation necessary has been 
determined from the following rule: Readings shall be 
taken at such intervals during a test that the average of 
_ all the\observations does not differ from the average of 
all the alternate observations by more than an assigned 
value depending upon the accuracy desired. For most 
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If when comparing any wattmeter the comparison at 
any point differs from the correction which has been 
used for previous corrections at this point by more than 
an assigned value (for most accurate work, taken to be 
0.3 per cent of full scale value), an additional comparison 
or comparisons should be made immediately at this 
point until their results do not differ among themselves 
by more than 0.1 per cent of full scale value, and the 
average of these results will then be taken as the value of 
the point in question at the time of this comparison. 
In the event that the excess variation (0.3 per cent of 


TABLE IV 


DIFFERENCE BETWEEN AVERAGE OF ALL THE OBSERVATIONS AND AVERAGE OF ALL THE 


ALTERNATE OBSERVATIONS 


Time Percent Difference between all Observations | 
Turbo- Interval | and all the alternate Observations, for the 
Generator between / number of tests indicated Method 
Designation No. of Duration {Readings — ; of 
Number tests Hours Seconds Load Conditions Average Maximum Minimum Measuring 
1 27 4 tests, 2 hrs. 10 Rapidly fluctuating | 0.20 0.72 0.01 3-wattmeter 
23 tests, Lhr. | Railway load 7 
v4 5 1 | 30 Very Steady 0.06 } 0.10 0.00 2-wattmeter 
8 6 1 30 | Very Steady 0.14 0.20 0.04 2-wattmeter 
5 4 1 60 Steady Lighting | 0.11 | 0.15 } 0.05 3-wattmeter 
9 “ 1 60 Steady Lighting / 0.12 0.16 0.08 | 3-wattmeter 
4 11 1 60 Variable unbalanced | 0.44 / 1.10 | 0.01 3-wattmeter 
6 ll 1 60 | Steady Lighting 0.20 0.62 0.02 3-wattmeter 
3 3 | 1 60 Steady Lighting | 0.18 0.39 \ 0.07 3-wattmeter 


accurate results under practical conditions a value of 
0. 1 per cent has been adopted. For most commercial 
loads this value has been attained on one-hour tests by 
taking readings every minute. Table IV shows some 
results in this connection. 


CALCULATIONS 


The average kilowatt output for any test is the sum of 
the corrected readings of the wattmeters. The cor- 
rected reading for each wattmeter for any test is equal to 

GE GP... Py 

is the average of all the corrected indica- 
tions of the wattmeters, expressed in 
kilowatts. The correction used for 
each wattmeter is the average of all the 
comparisons which are made between 
it and the secondary standards. 

is the true ratio under test conditions of the 
current transformer to which the watt- 
meter is connected. 

P.T. is the true ratio under test conditions of 
the potential transformer to which the 
wattmeter is connected. 

is the combined correction factor for 
phase angle of the current and potential 
transformers and wattmeter. 

The kilowatt-hour output for any test is equal to the 
product of the average kilowatt output and the duration 
of the test in hours. 


where: W 


2. 


Pi, 


2. See “Revised Tables of Correction Factors for Phase 
Angle,” C. T. Weller, General Electric Review, March 1925, and 
“Handbook for Electrical Engineers,’ 2nd Edition, 1922, by 
H. Pender, Page 1929. 


full scale value) still remains, the new value found shall 
be taken as correct, and all tests in which this seale point 
may cause error should be investigated to determine the 
amount to which they have been affected. Such tests 
may have to be rejected. With the best, high-grade, 
portable indicating instruments now available, it has 
been found that the need for this procedure will be rare. 
However, a statement of such procedure is advisable for 
guidance if needed. Table V shows the results of suc- 
cessive comparisons of a wattmeter before, during, and 
after a test series including the suggested heat run. 
The test series was that described later in this paper 
(See Section entitled ‘Photographic Observation,’’) 
dated from Jan. 3, to Jan. 31, 1924, and the wattmeter 
was one of those read by observers. The perfrom- 
ance of this wattmeter shows what has been found to 
be typical of high-grade portable indicating wattmeter 
performance during many test series. 


ACCURACY OF FINAL RESULT 


A value of accuracy of the final result of the electrical 
output alone may be arrived at from a knowledge of the 
precision of the wattmeters and instrument trans- 
formers used. However, a more satisfactory accuracy 
figure, is one which can be applied to the overall meas- 
urement of the water-rate of the turbo-generator. 
This figure is the percent average deviation from the 
mean, (defined below), and is applied to the results 
obtained from three or more tests at any given load 
point.’ Enough tests can be run at any load point to 

3. See “Discussion of the Precision of Measurements” by 


Silas W. Holman. Second Edition, 1904, chapter on ‘Direct 
Measurements.” 
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TABLE V rae 


SUCOESSIVE O 


Place 
Schenectady — | Interborough Rapid Transit Company : ‘Schenectady 
a Compared by. ‘ 
Gen. Eng. Lab. Electrical Testing Laboratories Gen. Eng. Lab. 

Date 12-13-23 1-3-24 1-3 *-24 1-17-24 1-31-24 2-11-24 

Scale Instrument Readings hee 

0 0 0 0 0 tt) 0 agt 
10 9.96 10.0 9.9 10.0 9.92 One 
15 14.96 ; 15.0 15.0 15.0 14.88 10212" 
20 19.94 19.9 20.0 19.9 19.9 19,92 ¢ 
-25 24.94 25.0 24.9 24.9 24.98 020%) 
30 29.90 29.9 29.9 29.9 29.92 0.02 — 
35 34.96 35.0 35.0 35.0 35.00 0.04 
40 39.94 40.0 40.0 40.0 40.0 39.98 0.06 
45 44.96 45.0 45.0 45.0 44.98 0:04 
50 49.94 50.0 50.0 50.0 49.98 0.06 
55 54.95 55.0 55.0 55.0 55.00 0.05: - 
60 59.94 60.0 60.0 59.9 60.0 60.00 0,10 
65 64,94 65.0 65.0 65.0 64.94 0.06 
70 70.00 70.0 70.0 70.0 70.00 0.00— 
75 74.98 75.0 75.0 75.0 75.00 0.02 
80 80.00 80.0 80.1 80.1 80,1 79.98 ee a 
100 99.90 100.0 100.1 100.0 100.0 99.96 0.20 


*Comparison made after a four-hour heat run at 400 watts, 100 volts 


bring the value of the percent average deviation from 
the mean within any desired value. It has been found 
that a value within + 0.25 per cent can be attained in 
water-rate tests wherein the measurements of electrical 
output are taken as are described herein and where 
equal care is given in making the steam-input measure- 
ments and corrections. Any individual test at a given 
load whose value of water rate differs from the mean 
value of all tests at that load by more than 0.75 per cent 
may be rejected. It is assumed in the above discussion 
that all determinate errors have been eliminated and 
that only indeterminate errors remain. 

The percent average deviation from the mean is 
given by the formula: 


(d, + d. + ds + dn) 100 
ANJ/N 


where A is the average of the values of water-rate 
obtained from 

N_ tests 

N isthe number of tests 
and d,=WR,-—A 

d, = WR, — A, ete. 
where W Ri, W Ro, WR, are the values of water-rate 
obtained on the Ist, 2nd and succeeding tests. The 
absolute values of d;, dz, and dy, are used regardless of 
sign. 

Table VI shows accuracy data from several water- 
rate tests on large a-c. turbo-generators. The values in 
the column headed ‘‘Percent maximum difference be- 
tween values of water-rate obtained from tests at each 
load,’’ show that practically all individual test results 
fall within a belt one per cent wide. The values in the 
‘column headed ‘Percent average deviation from the 
mean,’’ show that the probably true value of water- 


Per cent A. D. = 


OMPARISONS OF PORTABLE INDIOATING WATTMETER, RATED 5/10 AMPERES, 150 VOLTS, 500 


TABLE VI : 
PER OENT MAXIMUM DIFFERENCE BETWEEN VALUES 
WATER-RATE FOR SEVERAL TESTS AT A GIVEN LOAD, 
AND PER OENT AVERAGE DEVIATION FROM THE MBAD 


Per cent 
Maximum | 
difference 
between | 
values of 
Turbo- water rate 
Generator Number | obtained 
Desig- of tests | from tests 
nation Load at each at each 
Number | Kilowatts load load 
10 15,000 8 0.37 
20,000 4 0.29 
25,000 8 One 
30,000 9 0.87 
ll 15,000 2 0.65 
20,000 2 0.19 
23,000 2 0,10 
28,000 5 0.90 
12 23,000 2 0.49 
28,000 2 0.61 
13 15,000 | 2 1.13 
20,000 2 0.00 
23,000 2 0.70 
28,000 2 0.71 - 
14 10,000 3 0.66 
15,000 2 0.90 
20,000 2 0.38 
25,000 4 0.00 
30,000 3. 0.00 
35,000 2 0.00 
15, 10,000 3 0.00 
15,000 4 0.18 
20,000 3 0.00 — 
4 15,000 4 _ 0.58 
20,000 8 Lous 
25,000 4 0,09 
30,000 3 0.00 
16 23,000 4 0.21 
30,000 4 (0.42 


| 
} 
| 
| 
} 
; 
| 
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rate is located within a belt varying in width from 0.5 
per cent to 0.25 per cent depending upon the 
conditions. 


PHOTOGRAPHIC OBSERVATION 


This paper would not be complete without a de- 
scription of the method whereby Messrs. Kidder and 
Hall of the Interborough Rapid Transit Co. of New 
York measured the electrical output of a turbo-genera- 
tor by means of portable indicating wattmeters, the 
observations of which were made with moving picture 
cameras. The use of a second set of portable indicating 
wattmeters in parallel with the test wattmeters, and 
read by observers, gave opportunity to determine the 
effectiveness of the observers. 


The photographic measurement was made by mount- 
ing an indicating wattmeter ina vertical position together 
with a moving picture camera so focused that the scale 
of the instrument covered the entire width of the film. 
The wattmeter was provided with a special pear- 
shaped target pointer, and was properly balanced for 
operation with the shaft horizontal. Three such 


110 39,600 T 
100 36,000 ZBESa8 
90” 20400|- 

0% 28,800’ 
702 25,200 
60 = 21,600 
50 16,000 
40S 14,400 
30 10,800 
202 7,200 
10 3,600 


INSTRUMENT SCALE — DIVISIONS 


240 280 320 


120. 160 200 
TIME IN SECONDS 


Fig. 3—Loap Curve on Onzr-Puase oF TuURBO-GENERATOR 
SHowine FLucTuATIONS OVER INSTRUMENT SCALE 


Observations obtained photographically for five minutes of one-second 
intervals. 


instruments and cameras were employed, one set for 
each phase. The shutter mechanisms of the cameras 
were operated in synchronism from a common motor- 
driven drive shaft. Number counters were so mounted 
on each instrument that the number appeared on the 
film, thus providing means for identifying all pictures. 
A watch was photographed on the film at the beginning 
and at the end of each test to obtain the rate of observa- 
tion. Suitable illumination was produced from mer- 
cury vapor tubes. The entire installation was mounted 
in the generator room near the machine under test. 

The shutter operating mechanism operated the 
shutters at one-second intervals for short-time duration. 
For long-time duration such as one-hour test periods, 
the fastest practicable rate was about one operation 
per seven seconds, which was the rate maintained during 
the water-rate tests. 

Readings were obtained from the film after develop- 
ment by projecting the image on a screen through a pro- 
jector and reading the value shown by the pointer. 
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Readings were easily made to within 0.1 small scale 
division of the wattmeter scale, which is 0.5 watts. 


The instruments were compared by setting up sec- 
ondary standards at the instrument installation in the 
generatorroom. Holding scale values on the secondary 
standard, photographs were taken of the wattmeter 
indications. After developing the films, the readings 
were made from the projected image on the screen, and 
corrections thus obtained. These corrections were 
later used to correct the wattmeter readings during test. 
Comparisons were made of the instruments before and 


TABLE VII 
DIFFERENCE BETWEEN AVERAGE OF ALL OBSERVATIONS 
AND AVERAGE OF ALL ALTERNATE OBSERVATIONS 
G."E. 30,000 Kw. Turbo-Generator, Interborough Rapid Transit Co., 


New York 
Difference between average of all observations 
and average of all alternate observations, 
Load]Kilowatts expressed in per cent 
Photographic Method Visual Method 
13,574 0.47 0.35 
14,812 0.29 0.30 
15,535 0.66 0.18 
16,439 0.06 0.05 
18,316 0.17 0.07 
18,333 0.16 0.48 
19,300 0.14 0.72 
19,275 0.19 0.33 
21,441 0.09 0.20 
21,468 0.23 0.45 
23,802 0.14 0.05 
23,881 OFL7 0.04 
24,700 0.03 0.01 
25,524 0.06 0.01 
25,674 0.06 0.01 
25,412 0.18 0.14 
26,135 0.01 0.01 
27,510 0.07 0.06 
27,131 0.11 0.21 
28,198 0.18 0.15 
26,935 0.07 0.25 
27,998 0.12 0.15 
27,891 0.11 0.16 
29,618 0.09 0.09 
29,527 0.05 0.42 
29,989 0.29 0.31 
29,598 0.18 0.20 
iba beahh bea U8 Serco ICS 0.66 0.72 
Minimum... <..0.+.26 0.01 0.01 
AVOETAZO. 00052 wecees 0.16 0.20 


after the test series, and intermediate to these at two- 
week intervals. A preliminary heat run was also made, 
as previously indicated. The comparisons were all 
made by the Electrical Testing Laboratories, New York. 


The wattmeters used in parallel with the test instru- 
ments were compared at the same time as the test 
instruments except that they were read by observers. 
Observations were made during test following the 
principles as described herein. Readings were made at 
10-second intervals. Tests were of one-hour duration, 


a). 
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there being three tests each day for nine days during a able results that may be obtained on a highly variable 
period of four weeks. At no time did the observers load with portable indicating wattmeters both as ‘ead _ 


complain of fatigue. 


TABLE VIII 
PER CENT AVERAGE DEVIATION FROM THE MEAN OF 
INDIVIDUAL TESTS FOR EACH LOAD POINT 


G. E. 30,000 Kw. Turbo-Generator, Interborough Rapid Transit Co. 
New York 


| Per cent Average Deviation from 


Mean of Individual Tests 

Load Number of Photographic Visual 
Kilowatts Tests Method Method 
14,000 2 +0.79 +0.78 
16,000 2 =0.25 +=0.21 
18,000 2 +0.19 +=0.02 
20,000 2 +0.34 +0,22 
22,000 2 +0.13 +0.09 
24,000 3 +0.21 +£0.24 
26,000 dt +0. 22 +0.27 
28,000 6 +=0.27 +0.28 
30,000 A +£0.17 +0.21 
Average (omitting 14,000 kw.)..... +0.22 +0.20 
Average (including all iuads)....... +0.28 +0.26 


Fig. 3 shows a typical curve of the Interborough 
Rapid Transit Company’s load. This is a railway load, 
and the continual variation was the reason for employing 


TABLE Ix 
DIFFERENCE BETWEEN WATER-RATE AS FINALLY 
ACCEPTED, AND WATER-RATE AS DETERMINED PHOTO- 
GRAPHICALLY AND VISUALLY 
G. E. 30,000 Kw. Turbo-Generator, Interborough Rapid Transit Co. 


New York 
Water rate by Water rate by 
Final photographic visual method 
Accepted method, expressed| expressed as a 
Water Rate as a percentage percentage of 
Load Expressed of final accepted final accepted 
Kilowatts as 100 per cent water rate water rate 
14,000 100 100 99.8 
16,000 100 99.9 99.7 
18,000 100 100.05 99.9 
20,000 100 100.1 100.05 
22,000 100 100.1 100.1 
24,000 100 100.05 100.05 
26,000 100 100. 99.95 
28,000 100 100.15 99.95 
30,000 100 100.1 100. 
Differences in Per cent 
Between Between Between 
photographic photographic visual and 
and visual and finally and finally 
accepted accepted 
Maximum....... 0.2 0.15 0.3 
Minimum....... 0.0 0.0 0.0 
AVOLages.<0.<ch 2 0.1 0.07 0.1 


photographic means for obtaining accurate observa- 
tions. This load is undoubtedly the most variable of 
the large commercial loads in this country, and results 
obtained thereon may be taken as representative of the 
attainment possible under the worst of conditions as 
regards variable load. 

The performances of the photographic method and the 
visual method are best shown by Tables VII, VIIland1IX. 
These speak for themselves and show the truly remark- 


with cameras and with observers. The equality of the 
results obtained by the two methods is evident. The 
art of electrical measurements is indebted to Messrs. 
Kidder and Hall for their persistent efforts in overcom- 
ing the difficulties in the photographic method, and in 
carrying it through to a successful conclusion. ' 


CONCLUSION we 


The water-rate of large a-c. turbo-generators can be 
determined with such accuracy that the percent aver- — 
age deviation from the mean, as defined, will be within 
+ 0.25 per cent. This means that practically all 
individual test results will fall in a belt one per cent 
wide, while the probably true value of water rate will be 
located within a belt varying in width from 0.5 per cent 
to 0.25 per. cent, depending upon the conditions. Such 
results as these can be obtained on commercial loads, 
even when the load fluctuations are violent, by using 
portable indicating wattmeters read by observers follow- 
ing the methods herein described for measuring the 
electrical output, and with commensurate care in 
making the steam-input measurements and correc- 
tions. 


The author wishes to acknowledge the helpful guid- 
ance of Mr. L. T. Robinson‘ in carrying on with the 
tests described in this paper, as well as the assistance 
received from Messrs. L. J. Cavannaugh and W. 8. 
Vogel of the General Engineering Laboratory of the 
General Electric Company in conducting the electrical 
measurements in many of the tests. J. L. Roberts, 
of the Turbine Department of the General ElectricCo., 
deserves great credit for his contribution to this work 
being in charge of the water-rate tests. The effective 
cooperation of the personnel in the Central Stations 
where tests were made was also most cordial and help- 


ful, and their contribution to this work is hereby a 


acknowledged. 


4. See papers by Mr. L. T. Robinson as follows: 


“Testing Steam Turbines and Steam Turbo-Generators,”’ 
E. D. Dickinson and L. T. Robinson. Transactions A.I.E. E., 
1910, Vol. XXIX, part II, page 1679. 

“The Determination of Stray Losses from Input-Output 


Tests,’ L. T. Robinson. Transactions A. I. E. E., 1913, 
Vol. XXXI, part I, page 531. 


PROPOSED HYDROELECTRIC DEVELOP- 
MENT IN URUGUAY 


The possibility and advisability of developing the 
hydroelectric resources of the Rio Negro, which bisects 
the Republic of Uruguay from the northeast to the 
southwest, has again received the attention of the Na- 
tional Administrative Council, and has been given con- 
siderable space in the public press. Uruguay is a 
country without fuel. The present annual imports of 
coal and fuel oil are valued at about $8,000,000. 


Initial and Sustained Short-Circuits in 
Synchronous Machines 


Analytical and Graphical Treatment of General Cases of 
Armature Windings Displaced by Arbitrary Angles, with 
Applications to One-, T'wo- and Three-Phase Machines 

( BY VLADIMIR KARAPETOFF: 


Fellow A. I. E. E. 


Synopsis.—A knowledge of the instantaneous values of ar- 
mature and field currents, when an alternator is short-circuited, 
is becoming of increasing practical importance. These currents 
determine the rating of protective apparatus, mechanical stresses in 
the machine itself, possible damage to other equipment, etc. During 
the first few cycles, immediately after a short-circuit, the currents 
are usually much larger than those on sustained short-circuit, and 
gradually approach the latter values over a number of cycles. It is, 
therefore, necessary to distinguish between the initial and sustained 
values of currents, and formulas are deduced in this paper for 
both. The novel feature of the treatment consists in starting with 
@ generalized unsymmetrical three-phase winding, also containing 
an external inductance in one of the phases. The Kirchoff equa- 
tions are written and solved for this general case, and it is then shown 
how the formulas for the usual one-, two-, and three-phase machines 
can be directly derived from the general expressions, without con- 
sidering the magnetic linkages in detail in each case. A graphical 
interpretation of the equations is also given, in the form of space- 


vector diagrams, in which the m.m.f s. vary according to the sine 
law in space but not in time. 
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INTRODUCTION 


HE purpose of the paper is to deduce general formu- 
las for the field and armature currents in a syn- 
chronous machine on initial and sustained short- 

circuit. While the subject is by no means new, the 
present treatment is perhaps more general than those 
published heretofore (See Appendix XII). 

In a companion paper by R. F. Franklin, entitled 
“Short-Circuit Currents of Synchronous Machines,” 
emphasis is laid upon the important practical cases, and 
the formulas are illustrated by calculated curves of cur- 
rents. In the present paper, emphasis is laid upon the 
general method of derivation, and specific cases are 
carried out only far enough to show that the results 
check with Franklin’s work. 

In accordance with the preference of the Institute 
readers, the paper, itself, is made short and non-mathe- 
matical, while the details of derivation of the formulas 
are placed in the appendices to which references are 
made in the text. 

THE DIAGRAM OF CONNECTIONS 


Figs. 1 and 2 show a three-phase winding of a syn- 
chronous machine, in which, for the sake of generality, 


1. Professor of Electrical Engineering, Cornell University, 
Ithaca, New York. 

Presented at the Spring Convention of the A. I. B. E., 
St. Louis, April 13-17, 1925. Complete copies containing appen- 
dixes VI to XIII, here omitted, available on application to 
headquarters. 


the electrical angles between the phases are assumed to 
be different from 120 deg. Moreover, each phase wind- 
ing is assumed to possess a different number of turns and 
therefore a different inductance (for notation, see Ap- 
pendix XIII). An external inductance, L, is shown 
in series with one of the armature windings, and equa- 
tions are derived with this inductance in the circuit. 
By putting L = 0, an ordinary three-phase short-cir- 
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Fig. 1—GErNERALIZED UNSYMMETRICAL THREE-PHASE WINDING 


cuit is obtained; by putting L = . the phase C is 
opened and a single-phase short-circuit is obtained be- 
tween the phases A and B. 

The field winding is assumed to be placed on a cylin- 
drical rotor, so that the self and mutual inductances of 
the armature windings may be considered to remain 
constant throughout a cycle. Moreover, the mutual 
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inductances between the field and the armature wind- 
ings have been assumed to vary harmonically (Ap- 
pendix I). 

The resistances of all the windings are neglected al- 
together. For this reason, the field winding is shown in 
Fig. 1 short-circuited upon itself, since the excitation 
voltage is only necessary for overcoming the resistance 
of the winding. A certain field current is assumed to 
exist at the instant of short-circuit, and then to vary 
only under the influence of the armature currents so as 
to keep the flux linkages constant; equations (4) and 
(25). 

The assumption of zero resistances is justified during 
the first half cycle orso after the instant of short-circuit, 
when the magnetic fluxes essentially determine the cur- 
rents. With large alternators, this assumption is also 
justified for the armature windings on sustained short- 
circuit, the ohmic drop being practically negligible. 
The resistances of the windings enter as a factor in 
the gradual adjustment of the currents from the 
initial values to those on sustained short-circuit. This 
transitional period is not considered in the paper. 

By neglecting the resistances, it becomes possible to 
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Fic. 2—Tur Renarive Position or THE ARMATURE AND FIELD 
WINDINGS 


integrate directly the Kirchoff equations (1) to (4). 
With resistance terms, the corresponding simultaneous 
differential equations become practically unsolvable. 
A few attempts to solve them even approximately in 
the simplest cases have led to expressions which are too 
complicated for practical use. The method of succes- 
sive approximations, although quite tedious, may pos- 
sibly be applied with more success. 

Having obtained the fundamental equations, (1) to 
(5), for the general case shown in Fig. 1, and integrated 
them in the form of equations (22) to (25), various 
special cases are considered in the subsequent appen- 
dices, as indicated below. 


SINGLE-PHASE SHORT-CIRCUIT 


The most general case of single-phase short-circuit 
considered in this paper is that through an external 
inductance (Appendix V). The angle, 6.,, is put equal 
to zero and the windings in the phases A and B are as- 
sumed to coincide, so as to form but one winding. The 
current flows through this combined winding, through 
the inductance L, and through the phase winding C. 
Since the angle, 9,., is not necessarily equal to 180 deg., 
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this case covers not only a short-circuit of a single-phase 


machine, but a single-phase short-circuit of a polyplase 
machine as well. : 

More specific cases are then considered in detail in — 
Appendix VII, with the assumption L = 0. For the 
single-phase machine L. = 0; for a two-phase machine ~ 
the inductance L, is equal to the parallel combination — 
of L,and L;,, and 6,. = 90 deg.; for a three-phase ma- — 
chine 6,, = 120 deg. The final formulas are shownto 
check with those in Franklin’s paper. Finally, a — 
graphical interpretation of the single-phase short-cir- — 
cuit is given in Appendix XI. 

POLYPHASE SHORT-CIRCUIT 

The general expressions for the armature and field — 
currents, equations (22) to (25), are first interpreted — 
graphically, as shown in Fig. 4 (Appendix III). This 
figure gives a much clearer idea of the inter-relationship 
of the currents than the equations themselves. It is 
then shown in Appendix IV that when L = 0-and 
L. > 0, the voltage e (Fig. 1) between the terminals 
and the neutral, is always equal to zero. This leads to 
a simplification of Fig. 4 to Fig. 6, and the corresponding 
equations are derived in Appendix VI. These equa- — 
tions are then applied to the usual two-phase and three- 
phase machines in Appendix VIII, and the results are 
shown to check with Franklin’s formulas. 


INDIVIDUAL VS. COMMON SHORT-CIRCUIT 
With two-phase and three-phase  short-circuits, 
several cases have to be considered, as shown in Figs. 
7and8. Inthe Appendix IX, it is shown that the cases 
7 aand 7 bare electrically equivalent, and that identical 
currents may be expected in both, at least within the 
limits of the fundamental assumptions made in the paper. 


Similarly, the cases 8 a and 8 bare identical, but thecase 


8c presents some additional features. The influence 
of the ohmic resistance and of the character of the 
mutual inductance between the phases is discussed, 
and the conclusion is reached that at least in usual 
alternators the currents in case 8 ¢ may be expected to 
be approximately equal to those computed for the cases 
8aand 8b. 


CONCLUSION 


The determination of short-circuit currents in syn- 
chronous machines is of considerable importance to the 
designer as well as to the operating engineer. These 
currents may cause considerable mechanical stresses 
in the machine, influence the selection of the protective 


equipment, determine the transient conditions in the 4 


connected lines, etc. 


The fundamental equations with which this investi- s 
gation begins (Appendix I), are of quite general appli- __ 
cation, and it is hoped that the mathematical portions 
of the paper, especially the general method, may be of 
service not only in cases in which the equations or 
their solutions actually apply, but also in other cases, 
(for example, in an induction machine), in which simi- — 


Aug. 1925 


lar equations may be established and a similar method 
of solution used. 

Mr. R. E. Doherty, of the General Electric Company, 
suggested this investigation as a sequel to his own well- 
known researches in the subject, and the author wishes 
to acknowledge, gratefully, his encouragement and 
assistance in the preparation of the paper. Mr. K. C. 
Mob read and corrected the manuscript and made 
several valuable suggestions, for which the author 
wishes to express to him his gratitude. 


Appendix I 
THE FUNDAMENTAL EQUATIONS 
Referring to Fig. 1, let at an instant (t) the voltage 
between the neutral points be (e). Then, equating to 
(e) the total e. m. f. induced in phase (A), we have, 


L,di./dt + M.,di,/dt + M..di./d t 

+d (My.%;)/dt =e (1) 
For notation, see Appendix XIII. The coefficients of 
mutual induction, M,, and M,,, do not vary with the 
time and therefore, are left outside the sign of the 
derivative. The coefficient of mutual induction, M,., 
between the field winding and the armature phase (A), 
is a function of time and, therefore, a derivative must 
be taken of the linkages, M,, 7;. 

By analogy, we can write for phases (B) and (C), 
respectively, with a cyclic substitution of the sub- 
scripts (a), (b), (c): 

L,di,/dt + M,.di./dt + Madi./dt 
: + d (My 1;)/dt =e 
(L.+ L)di./dt + M.adia/dt + My. di,/dt 
+d (Mj.%;)/dt =e (3) 
In equation (3), (L. + L) is used instead of (L.), where 
(L) is the external inductance. (L) is not interlinked 
magnetically with any of the phases, and therefore 
does not enter in the other equations. For the field 
circuit, we have; 
Ly di;/dt + d (Myata)/dt +d (My, %)/dt 
+d (M;.1-)/dt = 0 (4) 
The first Kirchoff law, applied to the armature winding, 
gives, 


(2) 


tate +t. = 0 (5) 


Equations (1) to (5) contain five unknown functions 
of time (t); namely, 74, 75, 7., 7;, e; by solving the equa- 
tions, all these functions can be determined. 

The foregoing equations can be somewhat simplified 
by expressing the inductances through the corre- 
sponding equivalent permeances and the numbers of 
turns?. Moreover, with the fluxes and m.m.f’s. 
assumed to be distributed sinusoidally along the airgap, 
the various mutual inductances are simple cosine func- 
tions of the angles of separation between the two coils. 

Let the permeance of the useful (or common) mag- 
netic path through the field and the armature be (@) 


2. V. Karapetoff, ‘“‘The Magnetic Circuit,” p. 184. 
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henries. Let 7+ be the magnetic leakage coefficient of 
the field circuit, that is, let, 


—— Pusesut/Piotal (6) 
when the field alone is excited. Similarly, let (a) be 
the magnetic leakage coefficient of the armature winding. 
Both (co) and (7) are less than unity. The four self- 


inductances can be expressed as follows: 
Le=o10N2; Ly =o10N?; L.=o710N2 (7) 
L; = t1 0 Nf? (8) 


It is convenient to assume the external inductance coil 
(L) to have the same number of turns as one of the phase 
windings, for example phase (A), and to represent its 
equivalent permeance in the form, k o—! ®, so that, 


L=ke*eN? (9) 


The factor (k) may have any positive value between 
zero and infinity, so that equation (9) in no way limits 
the value which may be assigned to (L). 

The simplest assumption which can be made in 
regard to the coefficients of mutual inductance is that 
they are harmonic functions of the space angles between 
the coils. This approximately holds true for machines 
in which the armature m. m. f. is distributed in space in 
accordance with the sine law. Let the coils in phase 
(B) be shifted until they completely coincide with the 
coils in phase (A). Then, the coefficient of mutual 
inductance between the two is equal to °&,,N.N2, 
where @®» is the mutual or common permeance of the 
magnetic circuit embraced by the two groups of coils. 
When the coils completely coincide, °,, = ¢1@. 
Now, as the coil (B) is moved back to its true position, 
we may assume that the part of the flux due to (A) and 
linking with (B) varies as the cosine of the angle of 
shift. The mutual permeance varies in the same ratio. 
With these assumptions, we obtain the following expres- 
sions for the various M’ s; 


Mw =a"@0N,N2 cos Oa. (10a) 
M,. = 010N,N, COS 04 (10b) 
Moc = oO NEN. COS Bea (10c) 
Mra = CN.N; cosa (11a) 
M,; = © N,N; cosB (11b) 
M; = @N.N;cos (11c) 


The coefficient of mutual inductance, M;., reaches 
its maximum when a = 0. By definition, the coeffi- 
cient of magnetic coupling, K, is determined from the 
relationship, 

K? = (max. M,,)2/(Ly La) (12) 
Substituting the values from equations (7), (8), and 
(1la), we get, after reduction, 
CT ey (13) 
The variable’angles a, 8, y, differ from each other by 
constant amounts; namely, 


B=a-— a 
y=at Oca 


(14) 
(15) 
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Instead of t, we shall take a for the independent vari- 
able, where 


a wt=27fot (16) 


We then have, 
d/dt=w.d/da=w.d/dpB=w.d/dy (17) 
It is convenient to represent (e) in equation (1) as a 
derivative of some function with respect to time, be- 
cause then the equation can be integrated directly. 
We, therefore, put, 


e=aitONZadsidd (18) 
where (s) is a function of time, containing no constant 
term. However, any desired constant term may be 
added to (s) without changing the value of e in equation 
(18). We shall arbitrarily assume that this constant 
term is zero so that s = 0 when e = 0. The factors 
co, N.2, and @ are added in order later to cancel them 
on both sides of certain equations. 

The following assumptions are further made: 

(a) The coils (A) and (B) have the same number of 
turns (N), so that, : 
Ne =e (19) 

(b) The number of turns in coil (C) is (c) times that 
in (A); in other words, 


Ne =n (20) 
The factor (c) may have any value between zero and 
infinity. 
(c) The number of turns in a field coil is (f) times 
that in the coil (A), so that, 
N; =fN (21) 
Substituting the foregoing expressions in equations 
(1) to (4), we obtain, after integration and simplification: 


la +12) COS O45 +€%-COS Oc4 +f oi; cosa 


=s+A (22) 
ty + €7, COS Or +%.C08 Oa, +f o%;cosB 
=s+B (23) 


(? + k) i, + ¢%4 COS Ocq + €%4 COS O5- + cf at;cos y 
=s+cC + [kI,] (24) 
+¢t,cosy +f7%, 
=Ffrs, (25) 
Here, (A), (B), (C), (F), are constants of integration; 
for the initial short-circuit conditions, they. depend 
upon the values of the currents and of (s) at the instant 
of short-circuit. In order to make the initial constant 
(C ) independent of (k), the term k I, is added in equa- 
tion (24). This term is placed in the brackets to indi- 
cate that it is used only for the initial short-circuit. 
With a sustained or established short-circuit, the cur- 
rents are independent of the initial values, such as I,, 
and the term k I, is simply omitted. 
Equations (22) to (25), together with equation (5), 
contain five unknown functions of the time-angle (a), 


namely tay Uy ter 17, 8, and can be solved for these as 
simultaneous equations. 


1, COS @ 


+ 7, cos B 


KARAPETOFF: INITIAL AND SUSTAINED SHORT-CIRCUIT 


Journal Apne 


Appendix IT a 
CONSTANTS OF INTEGRATION - 
1.—Armature Constants for the Initial Short-Circutt. 
For the instant of short-circuit, equations (22) to 
(24) become 


U cos & =S+A (26) 
U cos (€— 02) =S+B (27) 
cU cos (£ + Oca) =S+c¢C (28) 
where i 

U cos £ =I,+I1,cos@. +c. cos Oca 
+ foaTI; cos a (29) 

U cos (E— 04) = In + cI. cos 65. + Ia cos Bap 
+ f oI; cos Bo (30) 

U cos (§ + Oca) = cI, + I, cos O24 + Is cos Oo. 
+foalI;cos Yo (31) 


In equation (29), the initial linkages on the right-hand 
side are arbitrarily denoted by U cos ¢. Granting this 
notation, the other two equations can be deduced as 
follows: 

Let I., 1, I., I; and U be thought of as vectors (in 
space, not in time.) Then equation (29) may be 
thought of as the real part of the expression 

U e*® =I, €? +I, +4 cI, e+ fo IT, % (32) 
Multiplying this equation throughout by e~%, and 
equating the real parts, equation (30) is obtained. 
Multiplying both sides of equation (32) by «7° and 
equating the real parts, gives equation (31). 

To solve equations (29) to (31) for (U) and (é), use 
equation (32), since it gives, directly, the values of 
U cos €and U sin . Dividing the second value by the 
first will give tan &€ and consequently cos £ (U) is 
then found by dividing the expression for U cos £ by 
cos &. 

In the actual solution of equations (22) to (25), the 
first step is to eliminate (s) by subtraction. Conse- 
quently, it is also convenient to eliminate (S) from 


equations (26) to (28). We then get? 
B-—A =2Usin 0.5 6.5 sin ( — 0.5 0.2) (33) 
A-—cC =U bsin (é + 8,,’) (34) 
where 
bsin 0.4’ = 1— € OS Bea (35) 
6 cos Oa’ = csin Oe (36), 


Equation (34) is deduced as follows: Subtracting equa- 
tion (28) from equation (26), we get 


U [cos — c cos (E + 6..)] = A—cC (37) 


Expanding the expression in the parentheses and intro- 
ducing the quantities (b) and @,.’, according to the 
defining equations (35) and (36), gives: ; 


U [b cos €sin 6.2’ + b sin — cos Oca'] = A—cC (38) 


. 

3. The symbol (6) appearing in equations (35) and (36), and 

later in equations (66) and (67), has nothing to do with phase 
(B), but is an auxiliary constant defined by these equations. 


SS TS a 


‘ 


ee ee ee ee ee ee ee ae 
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From this expression, equation (34) follows directly. 
A geometric interpretation of the auxiliary quantities 
(b) and @.,’ is shown in Fig. 3. (A C) represents the 
phase (A), with the number of turns arbitrarily assumed 
to be equal to unity. To the same scale, (A B) repre- 
sents the winding of the phase (C), with the number of 
turns (c) times that of phase (A). The space angle 
between the windings is 6,,. The closing line of the 
triangle (A BC) represents (b), and the angle which it 
forms with the normal to (A C) is equal to 6.,’._ Equa- 
tions (35) and (36) are then satisfied. We also have 


Bb =1+— 2ccos 8., (38a) 

tan 6.4’ = (1 — ccos @.,.)/(c sin 0.,) (39) 

When Last 1. = 0 (40) 
equations (29) to (31) simply become 

U=fals &£ =a (41) 


with the corresponding simplification of equations 
(33) and (34). 

Because of the form (41) to which the expression for 
(U) is reduced in the simplest case, it is convenient for 
some purposes to put generally: 


O=af ed; 


(42) 


Fig. 3—Derinivion or THE AUXILIARY QUANTITIES B AND 9ca 


where (w) is a proper factor to make equation (42) agree 
with equations (29) to (31). 

It is shown in Appendix IV that when k = 0, (s) is 
equal to zero at all instants, so that (S) is also equal to 
zero. Equations (26) to (28) are then simplified 
accordingly. 
2.—Armature constants for the permanent short-circuit. 

In this case, omitting the term [k J,] in equation 
(24), we simply have: 

A= B= UU =0 (43) 
and Gi=.0 (44) 
for the following reasons: The armature currents 7,, 72, 
7, in equation (22), can have no d-c. component, be- 
cause the phenomenon now consists in an established 
operation of the alternator, all transients having died 
out. Hence, the average value of each current over a 
cycle is equal to zero; since 


2r 
average? = (27)! fida 
0 
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2x 


we have, imratiete—" 4) (44a) 
0 


The field current, 7;, has a d-c. component and (we may 
provisionally assume) has some sinusoidal harmonics. 
However, a sine-wave component of fundamental fre- 
quency is absent because it could be induced only by a 
stationary armature flux or by one moving at twice the 
synchronous speed. Therefore, expanding the field 
current into a Fourier series, we have, 


ly = Io + 22 Sin (2 a + po) +73 sin (3 a + ws) + ete. 
and consequently 


is COS @ = i, cCOS@ + 7, cos asin (2 a + ps) 
+%3cos asin (3 a + ps3) + . Rearing e 
+7, cosasin (na + p,) (44b) 


But, 


cos asin (na + un) = 0.5sin{[(n +1) a + p,] 
+ 0.5 sin [(n — 1] @ + yp, ]. 
Multiplying by d a and integrating over a cycle, we get, 
2x 
JS cosasin(na+u,)da =0 
0 


Hence, if we multiply equation (44b) by d @ and inte- 
grate over a cycle, each term on the right-hand side is 


separately equal to zero, and consequently 
2x 


S t;cos ad ax= 0 (44c) 
0 


Therefore, from equations (44a) and (44c) we see that 
if equation (22) is multiplied by d wand integrated over 
a cycle, each term on the left-hand side is separately 
equal to zero, so that the right-hand side is also equal to 
zero. 

But, by assumption, (s) has no constant term and 
consists of sinusoidal terms only, so that its integral 
over a cycle is equal to zero. Consequently 27 A = 
0 or A =0. By a similar reasoning it can be shown 
from equation (23) that B = 0; equation (44) can be 
proved from equation (24). The result U = 0 follows 
from equations (33) and (34). 
3.—Field Constant for the Instant of Short-circutt. 

The constant of integration (F), in equation (25), is 
determined from the condition 


(F — 1) f7rT; 


=I,cosa)+TI,cos8) +cI,cos yo (45) 
When the condition (40) is satisfied, 
ah. (46) 


4.—Field Constant for Permanent Short-Circuit. 
Permanent armature currents can induce in the field 

winding only alternating voltages, without any d-c. 
component. Hence, the average value of 7;over a cycle 
is equal to the actual value J, of the field current at no- 
load. In other words 

2a 

phat ae A (47) 


Under the assumed conditions, the field current is a 
periodic function of a; so that, in general, we may write, 
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lip = m F I; p (a) i (47a) 
where the subscript (p) signifies “permanent,” (m) isa 
known constant, and ¢ (a) is a certain function of the 
time-angle a. Therefore, equation (47) becomes: 


WP Sid (oe eee (47b) 
0 


Knowing (m) and ¢ (a), the factor (F) can be deter- 
mined from this expression. 

In this investigation, only two particular forms of 
¢@ (a) occur. Each of these forms permits definite 
integration and, hence, a solution for (F). For a two- 
phase-or three-phase short-circuit, with k = 0, ts, = I; 
(see equation 134), so that it is permissible to put 
F =m =0¢(a) =1. With a single-phase short-cir- 
cuit, equation (106), the function ¢ is of the form: 


b (a) = [n— 2qsin? (a— 8") 


where n, q, 0’, are known constants. 
may also be written as 


(48) 
Equation (48) 


o (a) = [(n— q) + qeos2 (a— 8’)]> (48a) 
Integrating in this latter form, we get! 
fe (ado = i2 r/V/(n— @?— @ (49) 
so that, ae equation (47b), 
Fi =e V/ (n = g?7—-@ (49a) 


The subscript (p 1) signifiees ‘“‘permanent single-phase 
short-circuit.” 
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GRAPHICAL REPRESENTATION OF THE LINKAGE EQuaé- 
TIONS (22) TO (25) IN A POLYPHASE SHORT-CIRCUIT® 


Equations (22) to (25) are represented in Fig. 4 by 
means of a polygon of space vectors. The currents being 
non-sinusoidal in time, no ordinary time-vector dia- 
grams can be used. However, the distribution of all 
the m. m. f’s in space being by assumption sinusoidal, 


these m. m. f’s, for a particular instant of time, can be’ 


represented by space vectors. For another instant of 
time, the lengths of the vectors 7, 7», %.,%;, and the 
angle (a), are different, but the angles 02s, 9xcy Oca & 
and the lengths O K and H N remain constant. 

Taking first equation (22) and substituting for (A) 
its value from equation (26), we get: 


tat ty COS Bay + €%. COS Oca + f o i; COS @ 
= Ucosé + (s— 8S) (50) 
In Fig. 4,0 A =i, and A B = i, the space angle (not 
the time angle) between these two m. m. f. vectors being 
6. Since i, + 7, +%, = 0, instead of laying off the 
vector ¢?, in the direction of 7,, we draw the vector 
C (ta + %) = BC in the opposite direction. Let, . at 
the instant shown in Fig. 4, the angle (a) be equal to 
4. See, for example, Peirce’s ‘Short Table of Integrals,” 
p. 41, Equation (300), the last line. 


5. For a similar representation in the single-phase case see 
Appendix XI, 


KARAPETOFF: INITIAL AND SUSTAINED SHORT-CIRCUIT 


AOP. In other words, if OA represents the axis 


of an armature coil in phase A, O P is the axis of’the 
field coil, revolving clockwise.® 
f o7; is drawn parallel to O P and consequently at an 


angle atoO A. The vector OK = U makes an angle ~ 
éwithO A. Finally, the vector K A’ = s— Sisdrawn 
parallel to O A. K A’ is shown as a chord of a circle ~ 


drawn on K G asa diameter. This is to indicate that 


GA’ is perpendicular to OA. The direction GK is — 
extended to L, and a circle is drawn on K Las a diam- — 
The length of this diameter is such that the chord — 
S, where A lies on the same straight line — 
Since K A’ = s— S, we have that — 


eter. 
K Aa = 
with K and A’. 
A’ A’ =s. Thus, by means of the two circles both 
sand S can be represented separately. 

In the polygon OA BC GA’ K, all the sides, except 
A’ G, have been expressed through the physical quanti- 
ties which enter into our problem. If, however, all the 
sides of the polygon be projected on O A, the side A’G 
is eliminated, and we may write that 


N : 
Fic. 4—Spacr DiaGraM OF THE ARMATURE AND FIELD M. M. F’S. 


Sum of projections onO A of (OA +AB+BC+CG)= 
Sum of projections on O A of (OK + K A’) (51) 
A comparison of this equation with equation (50) shows 
the two to be identical, and we conclude that the above- 
mentioned polygon represents equation (22). 


By analogy with equation (50), equation (23) may — 


be written in the form: 


ty + Ct. COS O4. + ta COS Oay + f ot COS B 

= U cos (E— Oa) + (s— 8) (52) 
Thus, to represent equation (23), it is only necessary to 
replace K A’ by K B’ parallel to A.B. When pro- 


jecting the new polygon on the direction A B, the un-— 


known vector B’G is eliminated. Since both K A’ 
and K B’ are equal to s— S, the angles A’ K G and 


B’ K G must in reality be equal. ; 


6. The counter-clockwise rotation has been standardized 
for time vectors only, and there is no objection to using the 
clockwise rotation for space vectors. ~~ 


Journal A. I.E. E 


The vector CG =. 


es 


LL ~ 


Aug. 1925 


To represent equation (24), we first eliminate 
¢ C by using equation (28). The result is: 


Cte + C44 COS Oa + C%, COS 05. + ef oi; cos Y 
="e U cos (£ + 9.4) + (s— S) — kt, + [kI.] (53) 


Here we have to distinguish between the case when’ 
¢ >0 and when c= 0. When c¢ > 0, both sides of 
equation (53) can be divided by c. The result corre- 
sponds to the polygon OA BC GC’ K, where K C’ 
= (s—\S) c+ — ki.c + [kI,/c] and is parallel to B C. 
When c = 0 equation (53) is reduced to: 


s—S =k7.—[kI,] (53a) 
and permits to eliminate s — S in a simple manner. 


The polygon which corresponds to equation (25) 
isO A BC H, where: 


CH=fr°@¢-FI) (54) 


The sum of the projections o00 OA +AB+4BC 
+ C H upon O P is always equal to zero, for any value 
ofangle a. In other words, 


CN + Sum of projectionsof (OA +A B+ BC) = 
(55) 
This is identical with equation (25). 

As angle a varies, the directions O A, A B, BC re- 
main the same, only the values of the currents, and con- 
sequently the positions of the points A, B,C, vary. 
The vector O K remains constant in magnitude and in 
direction. The vector C N turns soastoremain parallel 
to OP, and its part H N remains of constant length 
equal toF f7-'I;. The diameters K Gand K L vary 
in magnitude and in direction. 

When there is no external reactive coil (that is, when 
k =O), S = s = O at all instants, and the voltage be- 
tween the neutral points remains equal to zero (see 
proof below). Consequently, both circles in Fig. 4 
shrink to zero and the diagram is considerably simpli- 
fied; see Appendix VI. 

Appendix IV 
PROOF THAT s = O WHEN k = O AND c > O 

Multiply equation (50) by c sin 6,., equation (52) by 
c¢ sin @.. and equation (53) by sin 6.,, and add them to- 
gether. In the result, the factor by which c 7, is multi- 
plied is 
sin 44¢ + sin Oca COS O45 + SiN Oop COS Dea 


= sin 0, + sin (Oca + Oa») (56) 

But, according to Figs. 1 and 2, 
Ban + Ore + Oca = 860 deg. (57) 
so that sin (824 + 643) = — sin (65.) (58) 


Therefore, expression (56) is identically equal to zero. 
Similarly, it can be proved that the resulting equation 
does not contain 7, and 7.. 
One of the factors by which c 7; is Preaticd in the 
result is: 
Cos a sin 4. + cos (a — 64») sin 0.4 + cos (@ + bea) 
sin 0a, . 
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= COS a (sin 6;, + Sin 8,4 COS Oa» + Sin O45 COS Oca) 
+ sin @ (sin 0.5 Sin 0.4 — sin 6,4 Sin 045) (59) 

In this expression, the term by which sin a is multi- 
plied is identically equal to zero, and the term by which 
cos @ is multiplied is the same as expression (56) which 
we have shown before to be equal to zero. Thus, the 
resultant equation does not contain i;. For the same 
reason the quantity (U) is eliminated. Thus, the result 
is: 

(s— S) (esin 4, + csin 6.. + sin 0,3) 
= ki, sin 0a, — [k I, sin 0.) (60) 

If & is not equal to zero then, since 7, is a function of 
time, (s) is also a function of time. But when k = O, 
s must be equal to (8), where (8) is a constant; conse- 
quently, (s) must also be constant. According to 
equation (18), this means that when k = O, (e) is also 
equal to zero, no matter how unbalanaced the phases 
may be. But, by assumption, aS) contains no constant 
term; hence, when k = O, 

s=S=0 (61) 

The foregoing deduction, being based on equations 
(56) and (59), presupposes that the coefficients of mutual 
inductance are harmonic functions of space angles; in 
other words, that equations (10a) to (11c) hold true. 
If the winding is such that these relations are not satis- 
fied, or satisfied only approximately, (s) may depart 
from zero and be a function of time. When equation 
(61) is satisfied, only two out of the three equations, 
(22), (23) and (24), are independent of each other. 
The third one can be obtained by properly combining 
the other two. The same is true of equations (50), 
(52), and (53). This may be seen directly from Fig. 4. 
When S = s = O, point K coincides with G (Fig. 6) 
and the closed polygonO A BCG K is the same for 
each of the three aforementioned equations. But the 
condition that a polygon is closed is expressed by stating 
that the sum of its projections on any two axes is equal 
to zero. It is superfluous to equate to zero the sum of 
its projections on any third axis, because the equations 
so obtained can be written by properly combining the 
other two equations. This follows from the fact that 
if the projections of a vector on two given directions 
are known, its projection on any third direction is also 
known. 

Thus, in this case we have only four equations instead 
of five, but we also have only four unknown functions; 
namely, the armature currents and the field current. 
This case is considered in detail in Appendix VI. 

The foregoing deduction, and the condition (61), do 
not necessarily hold true when one of the angles @ is 
equal to zero. Let, for example 6, be equal to zero, so 
that @,. = 360 deg. — 0.4. Then equations (50) and 
(52) become identical and can no more be considered as 
Moreover, both sides of equa- 
tion (53) cannot be multiplied by sin 6,,, because sin 
6.5 = O. From the physical point of view, when any 
two of the windings,—say A and B,—coincide in space 
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they form a single phase, with the winding C as the 
return phase. We thus have a single-phase circuit, the 
sum of the currents 7, and 7, being considered as one 
current. The voltage between the neutral and the 
terminals (Fig. 1) is then not equal to zero, unless 
c = O, that is, unless the phase C is simply a jumper 
of negligible impedance. This case is further con- 
sidered in Appendices V and X. 


Appendix V 
SINGLE-PHASE SHORT-CIRCUIT THROUGH AN 
INDUCTANCE 
I et, in Fig. 1 and 2, the angle 0,, be equal to zero, so 
that the windings of the phases (A) and (B) coincide. 
Let the angle @,, now be simply denoted by 6; then, 
4.4 = 860 deg. — 6. The currents (7,) and (7,) do not 


exist singly, but their sum is equal to — 2,. Equation 
(50) becomes, 
—1,(1—ccos 6) +f oa%,cosa 

= Ucos§ + (s—S) (62) 


Equation (52) becomes identical with equation (62) 
and cannot be used. Equation (53) becomes, 
i. (cC? — ccos 0) + cf «1; cos (a— 8) 

= cUcos(é— 0) + (8— S)— ki, + [kI,] (63) 
Equation (25) becomes, 


90-(4- OVA /E 


Kia. 5—Derinirion or tur Auxriary QuaANTITInNS B AND 9 


ft; + 7%, [¢ cos (a— 6) — cosa] = Ff r I; (64) 
To eliminate (s — 8), we subtract equation (62) from 
equation (63). The result is, 


t[?—2ccos6+1+k] +f o%,[ecos (a— 6) — cos a] 
= U [c cos (§ — 6) — cos ¢] + [k I] (65) 
In this equation, the expressions within all the brackets 
can be simplified by introducing auxiliary quantities 
(6) and (6’), shown in Fig. 5. (A C) is a unity vector; 
(A B) is equal to (ec) and is drawn at an angle (6) to 
(AC). Then, (6) is the closing side of the triangle and 
(0’) is the angle between (b) and the perpendicular 
BD to AC. Let the direction A E be drawn at an 
angle ato AC. Then, from the geometry of the figure, 
the angle at EF is equal to 90 deg. + 0’— a, and we 
have, 
1 —ccos 0 = bsin 6’ 
csin 0 = b cos 6’ 


(66) 
(67) 


SUSTAINED SHORT-CIRCUIT 


b= c?+1-— 2ccos6 
Multiply equation (66) by (cos w) and equation (67) 


by (sin a); subtracting the first result from the second, 


gives, 

c cos (a— 8) — cosa = bsin (a — 8’) (69) 
and by analogy, — 

c cos (§— 8) — cos ~— = bsin (E— 8’) 
Therefore, equation (65) becomes, 
i. (+k) + fobzysin (a— 6’) 
= Ubsin (€— 6’) + [kT] 

while equation (64) is reduced to, 
bi.sin(a— 0’) +fro%, =F fro, 


FI, [1 + (k/b*)|— [k I] rsin(a = 6’)/(6f) 
p= UO/) ramGga4ien (a= 9 


in = [1 + (k/b?)] — K? sin? (a— 0’) a | 
— (F/b) I;f osin (a— 6’) 

+ (U/b) sin (&— 0’) + [kI.]/0? 4 

tot = Fa (74) 


[1 + (k/b?)] — K* sin? (a — 6’) 


where Kk? is defined by equations (12) and (13), and the © 


subscript (1) stands for ‘‘single-phase.”” For the deter- 
mination of the constants, U, &, and F, see Appendix 
II. In particular, for a permanent short-circuit, 


U = 0, I, =O, and comparing equation (73) with — 


equations (47 a) and (48), we find that, 
m=n=14 (k/b?); ¢g = 0.5 K? 
Hence, equation (49a) will give, 
Fy, = [1 + (k/0*)[". 
{ {1 + (&/b*) — 0.5 K2]? — (0.5 K2)? } 0+ (75) 
For a graphical interpretation of equations (71) and 
(72), see Appendix XI. : 


RADIO SUNSET FADING TESTS 


In special tests from March 24 to April 2, the Bureau 
of Standards, with the cooperation of about 20 labora- — 


tories in various cities, made records of the variation in 


intensity of signal received from station WGY, General — ‘ 
Electric Co., Schenectady, N. Y., during the sunset ~ 


period. In order to study further the effects of sunset 


a second series of observations was started May 19 on — 


station KDKA, Westinghouse Electric & Manufactur- 
ing Co., East Pittsburgh, Pa. Records were made by 
an augmented group of laboratories on six days, dis- 
tributed during the period May 19 to May 29. The 
observing periods were approximately three hours 
long, centering at the time of sunset at the receiving 
station. The records of these observations as well as 
those of the tests on WGY are being studied and a 


(70) 


(71) 


(72) 


Solving equations (71) and (72) for 7, and 7, we get, — 


report on the characteristic effects which these observa- _ 


tions established will be issued at a later date. 


Short-Circuit Currents of Synchronous Machines 
BY R. F. FRANKLIN* 


Associate, A. I. E. E. 


Synopsis.—The importance of short-circuit forces in large 


alternators has warranted an investigation of them. The first step 


in this investigation, which is discussed in this paper, is the calcu- 

lation of the short-circuit currents that produce them. The method 

of solution used is that of the assumption of zero resistance and 

constant ei linkages which has proven so useful in the solution 
h 


\ 


of many short-circuit problems. Formulas are calculated in the 
Appendix for both the initial and permanent short-circuit currents of 
all circuits involved in the short-cirewit. The formulas cover all the 
common connections af single-phase, two-phase and three-phase 
alternators. A discussion of some of these formulas, together with a 
plot of them for assumed alternator constants, is also given. 


INTRODUCTION 


NE of the difficult problems encountered in the 
design of large alternators is that of providing 
sufficient strength of the different parts to with- 

stand the forces produced during short circuit. The 
author participated in an investigation of these short- 
circuit forces which was begun a couple of years ago 
and recently completed. The results of this investi- 
gation will be given in this and future papers before 
the Institute. 

The short-circuit forces depend largely upon the 
abnormal short-circuit current that flows in the various 
windings and can be calculated if the character and 
magnitude of these currents are known. The first 
step, therefore, in the calculation of these forces is the 
calculation of the short-circuit currents that produce 
them. 

Since Bucherot’s excellent discussion of alternator 
short-circuit currents in 1911', many papers have been 
published treating of both the phenomena involved 
and the method of calculation. A method of solution 
which has proven useful in the investigation of many 
short-circuit problems is that of the assumption of zero 
resistance and constant flux linkages. This method 


‘was used in 1918 in a paper by Messrs. R. E. Doherty 


and O. E. Shirley?, for an explanation of short circuit 
phenomena in synchronous machines, and again in 1921 
in a paper by Messrs. R. E. Doherty and E. T. William- 
son’ for an investigation of the short circuit current of 
induction motors and generators. In a recent paper* 
Mr. Doherty again emphasized the importance of this 
method of interpreting short circuit problems and gave 
a number of applications. In a more recent paper® 
Mr. C. M. Laffoon applied this method to the caleula- 
tion of several cases of short circuit of an alternator. 
It is the purpose of this paper to apply this constant- 
linkage method to the calculation of both the initial 


*D. C. Engineering Dept., General Eleetric Co., Jan. 13, 1925. 
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and permanent short-circuit currents of synchronous 
machines. 


METHOD OF SOLUTION 


The constant-linkage method is based on the assump- 
tion that the electrical resistance of the various circuits 
is zero. As a result of this assumption the following 
constant-linkage theorem has been proved®: “In a circuit 
having zero resistance the algebraic sum of the flux linkages 
of the circuit must remain constant.” The application of 
this theorem to the calculation of short-circuit currents 
is very similar to that of the application of Kirchoff’s 
laws to the solution of networks. First, currents are 
assumed to flow in the different branches of the cir- 
cuits. The flux linkages in any branch are those due 
to the current in that branch and those due to currents 
in other branches. The flux linkages of each circuit 
are then summed up and equated to some constant 
value of flux linkages which is known to exist in the 
circuit. By solving, simultaneously, these flux-link- 
age equations expressions for the currents flowing 
in the different branches of the circuits are obtained. 


RESULTS 


The various alternator connections and kinds of 
short-circuit for which formulas are derived are shown 
by the nine cases in Fig. 1. For each case formulas 
are derived for both the znztial and permanent short- 
circuit conditions. A tabulation of the formulas for 
the various cases of Fig. 1 are given in Table I. These 
formulas are plotted in Figs. 3 to 14, for assumed 
alternator constants. 


INITIAL SHORT CIRCUIT CURRENT 

The initial short-circuit current waves, Figs. 3 to 8, 
show all peaks of the same height since, resistance being 
neglected, the transient decay of the current wave 
actually obtained in practise is not present. The 
instant of short-circuit in each case is so chosen as to 
give the maximum possible value of current in phase a. 
The maximum value of current occurs 180 electrical 
degrees after the instant of short-circuit. During this 
time the resistance of the circuits, which in the calcu- 
lations has been neglected, reduces this peak value 
slightly from that calculated. The formulas thus 


6. Fora proof of this theorem refer to discussion of Mr. R. E. 
Doherty’s paper, Bibliography 5. 
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give a peak value a little higher than actually obtained 
in practise. In Table II is given the peak values of the 
initial short-circuit current for the various cases in 
terms of the peak value of the current obtained in the 
three-phase alternator, case 9, in which all three phases 
are short-circuited simultaneously. It will be observed 
from Table II that the short-circuit current obtained 
for a single-phase short-circuit of one phase of a three- 
phase alternator from one terminal to ground is 150 
per cent of the three-phase value. A single-phase short- 
citcuit between terminals gives only 86 per cent of the 
three-phase value, and a two-phase short-circuit be- 
tween-two terminals and ground, 173 per cent of the 
three-phase value. 


PERMANENT SHORT CIRCUIT CURRENT 


In the calculation of the permanent short-circuit 
current formulas the flux linkage equations of the arma- 


nals in which the shape of the current waves is very 
similar to those calculated in Fig. 11. UT 
The field current for the three-phase alternator case 
with two phases short-circuited between terminals 
and ground, (Case 7, Fig. 13), does not have any alter- 
nating component induced in it. This is due to the 
fact that the coefficient of inductive coupling between 
the short circuited phases a and 6 was assumed in the ~ 
derivation of the formulas, equal to the cosine of the 


TABLE I, 
SHORT CIRCUIT CURRENT FORMULAS 


Initial Condition Permanent Condition 


Case 


ture circuits were equated to zero. 
is, that during the transient period of a short-circuit, the 


The reason for this 


Kind of Short Circuit |Single-phase Alternator | Two-phase Alternator |Three-phase Alternator 
4+— + 
ne Case is 
Single-phase Ba 3 
Ba b c 
Terminal to Neutra b 
fF Cases: Case 2. 
Case 
Single-phase B ‘ a 
| © b 
|Terminal toTermina ‘psian 4 2 
Case 4 
Case 
Two-phase A ses a’ 
b 
Termine 
rminal to Neutra {wear — hs 
Case 6. 
Bis 
Case = 
Three-phase : | 
Terminal to Neutral ces Dopp 
T 
Three- phase 
Terminal toTerminal 


Fic. 1—Casres ror Wuicn Inir1aL AND PERMANENT SHORT 
Circuit Current Formuias ARE Dertvep 


flux linkages which are caught by the armature circuits 
at the instant of short circuit are consumed by the 
resistance of the circuits. Therefore, when the per- 
manent condition is reached the only flux linkages 
supplied by the field circuit are those which are being 
consumed by resistance. If zero resistance is assumed 
in the permanent condition, then no flux linkages are 
supplied to the armature circuits by the field circuit 
and the currents that flow in the armature circuits must 
be such as to at all times, keep out all field flux linkages. 
In other words, the flux linkages of each armature cir- 
cuit must be zero. 

The formulas for the permanent condition are plotted 
in Figs. 9 to 14. The single-phase cases show the 
characteristic double frequency pulsation in the field 
current. In Fig. 15 is given an oscillogram of the arma- 
ture and field current of a three-phase alternator during 
a permanent single-phase short-circuit between termi- 


(See Fig. 1) Formulas Fig. Formulas Fig. 
1 28 (10) (11) 3 (80) (81) 9 
4 (23) (24) 4 (86) (87) 10 
5 (40) (41) 5 (92) (93) 1L 
6 (48) (49) (50) 6 (101) (102) (103) 12 
7 (57) (58) (59) 7 (110) (111) (112) 13 
8,9 (71) (72) (73) (74) 8 


(117) (118) (119) (120)' 14 


angle between phases. Thus, for a three-phase alter- 
nator, this coupling coefficient was assumed equal to 
cos 120, or — 0.5. This ideal value of coupling is sel- 
dom obtained in practise. The effect of a coupling 
co-efficient different from — 0.5 on the field current is 
shown by the oscillogram of Fig. 16. The field current 
contains an alternating component of double frequency 
and of about + 9 per cent of the d-c. component. This 
corresponds to a coupling coefficient between phases a 
and 6 of about — 0.49. In the study of this phase of the - 
subject formulas were calculated for ‘all cases in which 


TABLE II. 


Comparison of Maximum Peak Values of Initial Short-Circuit Currents. 
The current values are based on constant conductors per inch. 


Maximum Peak Value 
of Current in Phase a as 

: a Ratio of that obtained 
Case (See Fig. 1) in Case 9 


to 


woMmMNAarkwnd- 
Beer OOH OS 
Seononwmrnyuon 
SSuagasaa 


no definite value of coupling coefficient between phases 
was assumed. These formulas were very complicated 
compared to the formulas here given. The effect of 
this coupling coefficient is so slight that it was felt 
unwarranted to complicate the formulas by making 
them more general in this respect. For all practical 
applications the value — 0.5, assumed in the calcu- 
lation of the formulas, is sufficiently accurate. 


ASSUMPTIONS 
The following assumptions were made in the calcula- 


tion of the formulas: ; = 
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a. Zero resistance in all circuits 

b. Magnetic saturation neglected 

ce. Sine wave distribution of field flux 

d. Constant coefficient of self-inductance of arma- 
ture phases. 

e. Variation of mutual inductance between arma- 
ture phases as the cosine of the angle between them. 

The calculation of alternator short-circuit currents 
becomes very involved if too many refinements are 
attempted. Therefore in order to obtain as simple a 
solution as possible, the above assumptions are neces- 
sary. While some of these assumptions may not appear 
reasonable a careful study of them and a comparison 
with results in practise reveals that for very many 
practical problems they can be tolerated. 

The assumption of zero resistance was made necessary 
by the method of solution of the problem. The pre- 
dominence of reactance over resistance during the short- 
circuit of an alternator makes it possible to neglect the 
resistance in this kind of a problem. Assumption } 
should involve greater error, but any attempt to take 
saturation into account makes the problem very com- 
plicated. The error due to saturation can be mini- 
mized by taking it into consideration in the calculation 
of the inductance coefficients. Assumption c is very 
close to present practise in the design of alternators. 
Assumption d involves the neglect of the salient pole 
feature of alternators since the coefficient of self induct- 
ance of the armature phases is not constant but will 
vary somewhat with the position of the field poles. An 
investigation of the affect of this variation upon the 
short circuit currents showed that only a small double 
frequency current was introduced which did not ap- 
preciably effect the results obtained. The effect of e 
has already been discussed. Formulas were calculated 
for all cases in which the coefficient of coupling between 
armature phases was not assumed constant. The 
formulas are greatly complicated by this general as- 
sumption. The assumption of — 0.5 for this coupling 
coefficient which was made in the derivation of the for- 
mulas of this paper greatly simplify the formulas and 
does not introduce appreciable error. 

In concluding the author wishes to express his ap- 
preciation of the assistance of Messrs. R. E. Doherty 
and R._ . Park and Professor V. Karapetoff in the 
solution of this problem. 


Appendix 


DERIVATION OF SHORT CIRCUIT CURRENT FORMULAS 
INITIAL CONDITION 


1. Single-phase short circuit. 

(a) Single-phase or polyphase alternator. 

One general formula can be obtained for the single- 
phase short-circuit current of a single-phase, two-phase, 
or three-phase alternator when only one armature 
phase is involved in the short circuit. (Cases 1 to 3, 
Fig. 1). The instant of short circuit will be taken 
when the armature phase a encloses maximum field 
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flux as this is the condition when maximum short cir- 
cuit current is obtained. This condition occurs when 
the angle a in Fig. 24 equals zerv’. 

There are only two circuits involved; the field cir- 
cuit and the armature circuit a. The flux linkages of 
these two circuits at the instant of short circuit, 7. é., 
when @ equals zero, are respectively’. 


Q, = 1,1, (1) 

Qa. = I; M, (2) 

The flux linkages of these two circuits at any instant 
after short circuit are, 

Q, = Ly +t. Myo (3) 

Q, = te Le _ Uy May (4) 

Applying the constant linkage theorem, the flux 

linkages at any instant after short-circuit, (3) and (4), 


Fie. 2—Scuematic DiaGRAMS SHOWING THE RELATIONS OF THE 
Various ALTERNATOR CiRCUITS 


must equal the flux linkages before short-circuit, (1) 
and (2) respectively, 

ty Ly; + ta Myo be ba By: (5) 

tala + t;Mas = 1; My (6) 

7. For simplicity a two pole alternator is shown in which 


case the electrical angle is equal to the mechanical angle. 
8. For definition of symbols see Notation. 
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Solving these two equations simultaneously for the 
currents 7; and 24, 


: L,; La — Mo Mya 
Uy — I; i iS M22 (7) 
5 L,; Mo — L, Mya 
la = I; BF Eee M;2 (8) 


The inductance coefficients L; and L, are assumed 
constant. The coefficients M,, varies with the rotation 
of the rotor, and may be approximated by a cosine 
function; thus® 


i 
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Fig. 3—Inrr1aL SHort-Circurr Currents; Cases 1, 2 anv 3 


Curve A—Field current. Eq.(10). 
Curve B—Currentin phasea. (Eq.11). 


M;, = My = M, cosa (9) 
Substituting this relation in (7) and (8) and dividing 
both numerator and denominator by L; La, 


1— K°? cosa 


 — LG Sos Ko See Cy 
gon y M, 1— cosa 
ae 4) 7 05 K) 05 costes) 
where, K = coefficient of magnetic coupling between 
the two circuits 
Sees 4 
V L; La a 


Equations (10) and (11) are plotted in Fig. 3 for 


0 


La 


Ke 0.85200 = 0.85. 


(b) Two-phase alternators, single-phase terminal 
to terminal short-circuit, (Case 4, Fig. 1). 
In this case there are only two circuits involved 
since armature phases a and b are connected in series, 
forming only one circuit ab. As seen in Fig. 2B the 


circuit a b does not enclose maximum field flux when a 
equals zero, but when 


Mya = Mya— Myr 


9. Mya=Ma; when saturation is neglected. 
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is a maximum that is, when ; i 
d M jar 
da : 
From (9) and the relation 4 
M,, = My cos (a— 90) = Mosina (13) 3 
d M yar . 
a = M, (— sina— cosa) = 0 a 


or a = — 45 deg. 
Therefore, for maximum field flux enclosure by the 
circuit ab the short circuit must occur at a = — 45 — 
deg. The flux linkages of the field and armature cir- — 
cuits at this value of @ are, 

Q; = I; L; 

Waa = Qe — Qe = I, May’ — I; M,,;' 
where, M,,;’ and M,,’ are the values of M,; and My; | 
respectively at a = — 45 deg. 

Hence from (9) and (13) 
Qo = /21;Mo (15) 
The linkages at any instant after short-circuit are, — 
0, = tp ky bitede + ten _ (16) 
Qa = Qa — A = ty (May — Moy) + ta (La — Mia) 
+ ty (Mar — Ls) 
Due to reverse connection of a and b 


(14) 


(17) 
da, = Vo =\— 1 (18) 
Thus from (14) (15) (16) (17) and (18) 
ty Ly + Van (Mya — Myr) = I; Ly 
dp (May — Mos) + tan (La + Ln) = V/2 1;Mo 
Since, the axes of the phases are at right angles, 


(19) 
(20) 


Eee. 
360 180 


pool. Re th Se 
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Electrical Degrees (<) 
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Short Circuit 
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Fig. 4—Inrtian SHort+Circurr CurrEeNTS; Case 4 


Curve A—Field current. Eq.(23) 


Curve B—Field current in circuit ab. Eq.(24) 


, Mw = M.. = 9 (PALM & 
Solving (19) and (20) simultaneously and substituting 
(9), (12), (13) and 


Ese (22) 
© = Ts (0.5 RK — 0.5 K* cos 2 (a + 45) oF 


1 M 1— cos (a + 45) 


lay = Brn OWS (0.5 K)—0.5 K? cos2(a+-45) 74) 


me 


i oe 


Ss Ce”. oe 


 ———— 
4 “ie : 
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‘These currents are plotted in Fig. 4 for K = 0.85and 


Mo 


La 


(c) Three-phase alternator, single-phase terminal to 
terminal short circuit, (Case 5, Fig. 1). 

There are only two circuits to consider, the field cir- 
cuit f and one armature circuit composed of phases a 
and 6\in series. The armature circuit encloses maxi- 
mum field flux when M,,, is a maximum. 

This occurs when 


d Meas 
da 
Now since phases a and 0b are displaced 120 deg. 


from each other 
Ms, = My Cos (a I 120) 


= 0.85. 


=0 


(25) 
and 
M;.. = M;.— My, = M, [cos a — cos (a — 120)] (26) 
Differentiating, equating to zero and solving for «,! 
a = — 80 deg. 
Thus the instant of short-circuit should be taken at 


SS ee L a J 
seat +2 180 360 180 360 180 360 180 

ant o 
ort Ci Electrical Deqrees(<) 


Short Circuit 
(«=-30°) 


360 180 
Electrical Degrees(<) 


180 360 180 
Instant of. 
Short Circuit 
(&=-30°) 
Fig. 5—InitraL SHort-Circurr Currents; Casa 5 
Curve A—Field current. Eq. (40) 


Curve B—Curren in Circuitab Eq. (41) 
a = — 30deg. The flux linkages of the two circuits 
at this instant are, 
Q, = I; L; (27) 
Qa = Qe — Q = I, Ma," — I; Mos" (28) 


where M,,;’’ and M,,’’ are the mutual inductances be- 
tween the field circuit and phases a and b respectively 
at a = — 30 deg. 
Thus from (9) and (25) 
Qa = V3 1;Mo (29) 
The flux linkages of the two circuits at any instant 
after short-circuit are, 


Q, = tLe +t. Mya + ts Myo (30) 
Qa = Qa— QM (31) 
where, 
Qo =taLa t+t4Ma +1 Mar (32) 
Q = 4%) Ly + %;My +%2Mo00 (33) 
But due to reverse connection of a and } 
tp = 1, = — tr (34) 
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The coefficient M., is defined as 
M. a k V/ Lia Ly 
The coefficient of coupling k dependsupon therelative 
positions of the two phases a and b and may be assumed 
to vary as the cosine of the angle between their axes, 
Thus in this case where the angle between phases is 
120 deg. 


k = cos 120 deg. = — 0.5 
and, 
Ma»=-—05LD, (35) 
Substituting (34) in (30) 
Qs = by I; + lab (Mya rae Ms.) (36) 
Substituting (32) (33) (34) and (35) in (31) 
Qar mS dy (M as = M,;) ok Lad 3 Le (37) 
Equating (27) and (36), and (29) and (37) 
by L; +f bad (Mya == Mj») = I; L; (38) 
ty (M as = My;) te Lad 3 i Ie =A ‘3 I; M) (39) 


Solving (39) and (40) simultaneously and substituting 
(9) (12) and (25), 

1— K* cos (a + 30) 
(1 — 0.5 K?) — 0.5 K? cos 2 (@ + 30) 


rey ft (40) 


; 1 I My 1— cos (a2 + 30) 41 
ea x28 Sh de (10.5 K®)—0.5 K? cos 2(a+30) | ) 


Equations (40) and (41) are plotted in Fig. 5 for 


My 0 5 
Teas 59. 


K = 0.85 and 


2. Two Phase Short Circuit 

(a) Two phase alternator, (Case 6, Fig. 2) 

There are three circuits to consider; the field circuit, 
phase aand phase b.. The flux linkages of these circuits 
at the instant of short-circuit, 27. e., when a = O are, 


emit hy oe (42) 
GQ, = TpMo (43) 
oF = 0 (44) 
The flux linkages at any other field position are, 
Q, = tp Ly + ta Mya + ty Myr (45) 
Q, = ta La + ty May (46) 
Q, = ty Ly + 4 Moy (47) 


since M,, = 0 as for the previous two-phase case con- 
sidered. 

Equating (42) and (45), (43) and (46), (44) and (47), 
solving simultaneously and substituting (9) (12) (13) 
and (22), 

1— K?cosa@ 


dy = I; 1— K (48) 
, M, (1—0.5 K*) — cos a + 0.5 K? cos 2 a 
ie Laney sequen nea ey) 
M, sina— 0.5 K?sn2a 
b= -hT, i-k& (0) 
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These currents are plotted in Fig.6for K = 0.85 and 
M, 
L, 


(b) Three-phase alternator, (Case 7, Fig. 1). 

There are three circuits, the field circuit, phase a 
and phase 6. Maximum current is obtained in phase a 
if the short-circuit occurs at a = 30 deg. since at this 
armature position there is no field flux enclosed by phase 
b. The flux linkages of the three circuits at a = 30 
deg. are 


= 0.85. 


A OWA, (51) 
25 =e a/ S I; M, (52) 
a: 20 (53) 
Oe aN at 
53+ / \ f 
C 4h f \ / 
ye = = = == = — 4 ad 
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phi fr 
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Fic. 6—InitraL SHort-Circuir CURRENTS; Case 6 


Curve A—Field current. Eq. (48) 
Curve B—Currentin phasea. Eq. (49) 
Curve C—Current in phase b. Eq. (50) 


The flux linkages for any value of a are, 


OQ; = Ly L; + La My. == 1p M3 (54) 
% =taleatiyMayt+rMa (55) 
OQ, = Lp Ly + 1; M;; ata Vi Mia (56) 


Equating (51) and (54), (52) and (55), (53) and (56), 
solving simultaneously and substituting (9), (12), (22), 
(25), and (35) 

1— K? cos (a — 30) 


1-k 2? 


ty =I; 


2 M. 
| ee Eee 
v3’ Le 
{(1—0.5 K*)—cos(a—30)+0.5 K? cos 2(a—30) 
"ia: =. a (58) 
ONS Mar 
ge ar 
0.5 (1-0.5 K*)—sin a—0.5 K? cos 2(a+30) 


TRC (59) 
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These currents are plotted in Fig. 7 for K = 0.85 and 


it} 


L. 


= 0.85. 


8. Three-Phase Short-Circuit 
(a) Three-phase alternator, (Case 8, Fig. 1). 
There are four circuits to consider; the field circuit, 
phase a, phase band phasec. The flux linkages ofthese 
circuits at a = Oare, . ‘ 


Q, = I; L; (60) 

Q, = I; My (61) 

Q =— 0.51; My (62) 
o,=—-05,M. (63) 

The flux linkages at any value of a are, 

Q, = ty Ly + ta Mya + 1p Myp + 7. My. (64) 

Q. = tala + ty; May +t.Ma +1. Mar (65) 
“Q, = ty Ly + ty Maz + ta Moa + te Moe (66) 
Q, =tLe +4 Mea +taMetwMe (67) 


Equating (60) and (64), (61) and (65), (62) and (66), 
and (63) and (67), solving simultanelusly and substi- 


st A 
aa 
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1 

rae of Electrical Degrees («) 
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Fig 7—Inrrrau SHort-Circuir Currents; Case 7 


Eq. (87) 
Eq. (58) 
Eq. (59) 


Curve A—Field current. 
Curve B—Current in phase a. 
Curve C—Current in phase b. 


tuting (9), (12), (13), (22), (35), and the three relations 


Lb: a 1; (68) 
Moi hb (69) 
M.5; = M, cos (a + 120) (70) 
; 1— K*® cosa 
Yo i aes fe 
2 ~0.5 K2)— 0.5 K? cos2a _ 
ps 21, oe (1—0.5 K?)—cos a+ cos (72) 


l= Rk 


Aug. 1925 


‘ 1 M 
a eT. 
(1—0.5 K?) +2 cos(a—120)— K? cos 2 (a +120) 
1= Kk (73) 
3 es I My 
(4 omer h, 
(1—0.5 K*) +2 cos(a+120)—K? cos 2 (a—120) 
ine he 
These equations are plotted in Fig.8 for K = 0.85, and 
Bee 0 os 
CCAS: 


(b) Three-phase alternator (Case 9, Fig. 1) 
The current equations obtained for a three-phase 
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Fig. 8—Iniriat SHort-Circuir CurrRENTS; Cases 8 AND 9 


Curve A—Field current. Eq. (71) 


Curve B—Current in phase a. Eq.(72) 
Curve C—Currentin phase b. Eq. (73) 
Curve D—Current in phase c. Eq. (74) 


short-circuit terminal-to-terminal are the same as those 
for a three-phase short-circuit terminal-to-neutral. 


PERMANENT CONDITION 

In the permanent condition, the algebraic sum of the 
flux linkages in each armature circuit must be zero since 
the flux linkages originally caught in these circuits have 
been dissipated during the transient period between the 
initial and permanent states. The flux linkages of the 
field circuit will be equal to those supplied by the 
exciter. 

1. Single-Phase Short Circuit. 

(a) Single-phase or polyphase alternator. 

As in the corresponding case for the initial short-cir- 
cuit condition a general formula can be obtained for the 
single-phase short-circuit current of a single-phase, two- 
phase, or three-phase alternator, when only one arma- 
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ture phase is involved in the short circuit (Cases 1 to 
3, Fig. 1.) The flux linkages of the two circuits in- 
volved, are, 

iy Ly + ta My, = I,’ Ly (75) 

Wp Lie 0 (76) 
where J,’ is that constant value of field current that 
would be required on open circuit to produce the same 
number of flux linkages with the field circuit as exist 
under the permanent short circuit condition. 

Solving these two equations simultaneously and sub- 
stituting (9) and (12) 
1 

(1 — 0.5 K?) — 0.5 K? cos2a 


ly = Hed (77) 


36Q 180 


of 180 360 180 
Electrical Degrees (x) 

2- B 
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£% 360 
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2 


Electrical Degrees(«) 


Fria. 9 —PERMANENT SHORT-CrircuIT CuRRENTS; CasEs 1, 2 anD3 
Curve A—Field current. Eq. (80) 


Curve B—Current in phase a. Eq. (81) 


3 
ety A 
GS a 
s 
ef ae 
2 
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Electrical Degrees («<) 
27 B 
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Fic. 10—PrrMANENT SHOoRT-CrircuIT CURRENTS; CaAsEy4 


Curve A—Field Current. Eq.(86) 


Current B—Current in circuit a b. Eq. (87) 


COS @ 


(1 — 0.5 K?) — 0.5 K? cos2 a 


pg OC (78) 

The direct component of the field current (77) is 
due to the flux linkages supplied by the exciter and is, 
therefore, equal to the field current I; which flowed 
before short-circuit. This direct component is found 
by integrating (77) between proper limits and dividing 
by the abscissa. Thus, 

Tv ie, : 

(1 — 0.5 K*) — 0.5 K? cos2.a "% 


I; 
Vik 


or 


870 FRANKLIN: 
1 =p eee (79) 
Substituting (79) in (77) and (78), 
= a (80) 
+ = 1105 ea 0B Riese 


M, /1-— K? cosa 
Es i 81 
L La (1— 0.5 K®) — 0.5 K? cos2 a 


a0) ISDS I ILS. 


Ik 
=o) Ag 360 “180 360 360 160 360 
lectrical Degeenses} 
2, B 
2 iH / 
Cara 180 \360 180 ~\ 360 
sk Electrical Degrees(<) 
Fic. 11—PERMANENT SHORT-CiRcUIT CURRENTS; CASE 5 


Curve A—Field current. Eq. (92) 
Curve B—Current in circuitab. Eq. (93) 


These currents are plotted in Fig. 9 for K = 0.85 and 


Mae TiRe 
ie = . . 
(b) Two-phase alternator, single-phase terminal- 
to-neutral short-circuit (Case 4, Fig. 1). 
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Fig. 12—PrrMaNnent SHort-Circuir CURRENTS; Casnp 6 


Curve A—Field current. Eq. (101) 
Curye B—Current in phase a. Eq. (102) 
Curve C—Current in phase b. Eq. (103) 


The flux linkages of the two circuits involved are: 
[See (19) and (20)]. 


ty Ly + 7s (Mya — Myx) = Ty! Ly (82) 
dy (M ay a M is) + Lab (La — Ds) = 0 (83) 
Solving simultaneously and substituting (9), (12), 
(13) and (22). 
1 


5 =) fe ee eee 
Gini Bh (1 — 0.5 K*) — 0.5 K? cos 2 (a + 45) 


(84) 
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el Ss cos (a + 45) 85 fk 
t' 0.5 K*)—0.5 K? cos 2(a-+45) i y 
Since oe is of the same form as (77) the value of I,’ 


for this case will be the same as that given by (79). 
Substituting (79) in (84) and (85), 


Lad = 


Waee.c 

i, = L ev eee 
1 = 1) G05 R= 05 Ki cos? (a 2 ae 
. Se 

Vad ai V2 ns he 


/ 1— K? cos (a + 45) 
(1 — 0.5 K?) — 0.5 K? cos 2 (a@ + 45) 
These currents are plotted in Fig. 10 for K and 


(87) 


0 
La 
(¢) Three-phase alternator, single-phase terminal- 
to-terminal short-circuit (Case 5, Fig. 1). 
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Fic. 13—PrrmManent SHort-Circurir Currents; Case 7 


Curve A—Field current. Eq. (110) 
Curve B—Current in phase a. Eq. (111) 
Curve C—Current in phase 6. Eq. (112) 


The linkages of the circuits involved are from (36) 
and (37), E 
ty Ly + tan (Mya — Myo) = I,’ Ly (88) — 

ty; (Mas — My;) +i1a3 Le, = 0 (89) — 


Solving simultaneously and substituting (9), (12) | 
and (25), 


1 ’ 

i I; (1 — 0.5 K®) — 0.5 K? cos 2 (a + 30) oS 

tab = : I,’ — 

ee ae ae. f Ee | 
cos {a + 30) 


“U—05K)—05Kcsla+sy OD 


Equation (93) is again’ of the same form as (77) so_ 


; 
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that I,’ is given by (79). Substituting for J,’ in (90) 
and (91); 


oe ee Ke . 
ty =1 92 
. 1d — 0.5 K®) — 0.5 K® cos 2 (a + 30) ee 
oe LE 
ab ea a/3° Ae i 


\\ 
V1 — K? cos (a + 30) nhs 
(1 — 0.5 K?) — 0.5 K? cos 2 (a + 30) 


These equations are plotted in Fig. 11 for K and 


(93) 
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2. Two-Phase Short Circutt. 
(a) Two-phase alternator, (Case 6, Fig. 1). 


= 0.85. 
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Fic. 14—PrermManent SHort-Circuir CuRRENTS; CAsEs 8 AND 9 


Curve A—Field current. Eq. (117) 
Curve B—Current in phase a. Eq. (118) 
Curve C—Current in phase b. Eq. (119) 
Curve D-Current in Phase c. Eq. (120) 


The flux linkages of the circuits involved, from (45), 
(46) and (47) are, 


iy Ly + taMye + to Mp = I,’ Ly (94) 
tale + ty May = 0 (95) 
ty In + ty Mos — 0 (96) 


Solving simultaneously and substituting (9), (12), 
(13), and (22), 


1 
el TS ae 
; M, cose 
oe ae oe 
M, sing 
a er 99) 


The field current (97) has only a direct component, and 
is therefore equal to I;. 
Hence, 
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IL,’ 4, b= 1) (100) 
Substituting (100) in (97), (98) and (99), 

lp = dg (101) 
: M» 
i a I TZ, coe (102) 
My . 
ee ale 7, sine (103) 


These currents are plotted in Fig. 12 for K and 


0 


La 


equal to 0.85. 


(b) Three-phase alternator, (Case 7, Fig. 1). 


The flux linkages of the circuits involved are from 
(54), (55) and (56), 


Uy L; + De Ma Lp My, = Jeu L; (104) 
tglLett-MaytiMa =9 (105) 
ty Ly + 1; Moy + ta Moa = 0 (106) 


Solving simultaneously and substituting (9), (12), 
(22), (25) and (35), 


1 

poe Die ve Fee (107) 
se 2 L’ M, cos (a— 80) 4 
oS ae ie eis 
: 2 1 M, sina : 

Leh ee V3 Pf eRe (109) 


The field current (107) is the same as (94) so that the 
value of I,’ is given by (100). Substituting LOGena 


ae (110) 
ips hea pal a (a — 30) (111) 
4 V/3 La 
i BE ath» TE ar (112) 
Carne 
These equations are plotted in Fig. 13 for K = 0.85 and 
My 
ie 0.85. 


3. Three-Phase Short Circuit. 
(a) Three-phase alternator, (Case 8, Fig. 1). 
The flux linkage equations of the four circuits in- 
volved are, 
iy Ly + ta Mya + to Myo + te My Sa hd oF: (113) 


ig Let t;)Ma +t>MaticMa =0 (114) 
dy Lp +4; Moy +teMre +i-Mse = 0 (115) 
ieLe +isMe +taMea + to Mer = (() (116) 


Solving simultaneously and substituting (9), (12), 
(22), (25), (35), (68), (69) and (70), and the value of I,’ 
given by (100) since 7; comes out the same as (97), 


y= I; (117) 


3872 
i Se : Te - COs a (118) 
ina = ; Ty 2 cos (a— 120) (119) 
(hg I; ro cos (a + 120) (120) 
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Fria. 15—Osci~noGram or THE PrRMANENT SINGLE-PHASB 
SHort-Circuir Currents or a Turep-PHasn ALTERNATOR 
SHort-Crrcvuirep Brrwern Two TrrMinas 


These currents are plotted in Fig. 14 for K = 0.85 and 


FIELD CURRENT 


CURRENT IN PHASE a 


CURRENT LV PHASE 4 


Fra. 16—OscILLOGRAM oF THR PeRMANENT Two-PuHasp 


Suort-Crrcuir Currents or A Turen-PHasn ALTERNATOR 
SHort-Circurrep Brerwern Two TrrMINALS AND NervutTrau 
The two armature currents are of different calibration, 


The current equations for this case are the same as 
those for a three-phase short-circuit verminal-to-neutral. 


NOTATION 
a electrical angle of rotation of field. (See 
Fig, 2). : 
IL, value of field current in amperes before 
short-circuit. 
I,’ the constant value of field current in ainperes 
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under the permanent short-circuit condition 

that would be required on open circuit to 

produce the same number of flux linkages 

with the field circuit as exist under the perma- _ 

nent short-circuit condition. 

instantaneous values of current in amperes 

in phases a, b and ¢ respectively. 

hes instantaneous valuesof current in amperes in 
the single-phase circuit composed of phases 
a and 6 in series. 

dy instantaneous value of field current in 
amperes. 

K coefficient of magnetic coupling between any 
one armature phase and the field circuit. 
(See Eq. 12), 

L., Lv, L. true coefficient of self inductance in henrys 
of phases a, b and c respectively. 

Ly true coefficient of self inductance in henrys of 

field current. 

M a, = Moa; Ma = M ea, Mi ae M 

coefficient of mutual inductance in henrys 
between phases a and b, a and c, and b and c. 

= Mi, My = My, My. = My 

coefficient of mutual inductance in henrys 

between the field circuit f and phases a, b 

and ¢ respectively for any value of a 

coefficient of mutual inductance in henrys 

between the field circuit and phases a and } 

in series for any value of a 

coefficient of mutual inductance in henrys 

between the field circuit and any one arma- 

ture phase when in the position of maximum 

coupling. 

flux linkages of phases a, b and ¢ respectively 

for any value of a 

flux linkages of the single phase circuit com- 

posed of phases a and 6 in series for any value 

of a 

Q; flux linkages of the field circuit for any value 
of a 
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Electric Shovels 


BY D. J. SHELTON: 


Non-Member 


Synopsis.—The use of electric drive on power shovels has been 
increasing very rapidly during the past few years, especially in 
open-pit coal and tron mines. Probably no class of industrial 
equipment has been the subject of such radical changes in design in 
the past two or three years. For this reason, more than any other, it 
ts probable that the ultimate users, in general, are less familiar 
with the highly developed electrical apparatus available for their 


HE attitude of owners and operators toward the 
electric shovel has been passing through a tran- 
sition very similar to that which is part of the 
history of the modern mine hoists. Heretofore the 
electric shovel was installed more or less as an experi- 
ment, principally because many arguments had been 
advanced in its favor on paper. The indications now, 
however, are that the day is not far distant when the 
purchaser of a power shovel will regard the electric 
machine as the standard and logical application, in- 
stead of feeling that it is necessary to collect and weigh 
a great mass of favorable evidence in order to justify 
the electric drive. Every new installation strengthens 
this attitude and there is no record of any electric 
shovel being replaced by a steam machine as a result 
of poor performance. Ninety per cent of our large mine 
hoists are now built with electric drive and there is no 
reason why the situation with regard to shovels should 
not be the same very soon. The rapid progress toward 
this end is shown in Fig. 1. 

In view of this, it is natural that the power shovel 
should be of continually increasing interest to those 
connected with the electrical industry, particularly to 
the engineer with regard to the special nature of its 
application. . 

The electric shovel always has, and probably always 
will, carry a higher initial cost than the steam machine. 
However, the higher first cost can practically always be 
justified when operating expense, maintenance, and 
output are considered. The reason for the compara- 
tively high price of the electric shovel is due to several 
factors: In the first place the number of mechanical 
parts is increased by the larger gear ratios between 
motor and shovel motions. Roughly speaking, the 


speed of electric motors applied is about twice that of 


7A. 7. B. EF. at St. Louis, Mo., April 18-17, 1926. 


un 


~~ 


the steam engines they replace. Electric drive also 
requires a stronger shovel mechanically as there is a 
range of adjustment possible in the electrical apparatus 
which, while not recommended for use, permits greater 
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AND D. STOETZEL? 
Associate, A. I. E. E. 
purposes than is the case in any other branch of industry. On 
account of the unusual conditions encountered, the electrical equip- 
ment must be of a very special nature. This article shows the 
reasons forthe large increase in this business, discusses the special 
requirements of the service, and explains the characteristics and 
advantages of the various types of equipment available. 
* * * * * 
torque and pull than are possible with steam drive. As 


a matter of fact, electric drive has, in a certain sense, 
resulted in the improvement and strengthening of the 
standard shovel models. Another factor in the price 
of electric machines is the cost of the electrical equip- 
ment itself. This is necessarily much higher than for a 
corresponding amount of steam equipment. Most of 
the apparatus is of a special nature, either as regards 
electrical characteristics or mechanical construction, 
and is not built in such quantities that production 
savings result. This applies particularly to the larger 
and more expensive shovel models, although the general 
design is becoming stabilized. 

It is recognized and admitted that the modern steam 
shovel is a highly developed machine and one which has 
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Fria. 1—Curve Suowina INCREASE IN APPLICATION OF ELECTRIC 
Drive to Power SHOVELS 


operating characteristics of speed and torque well 
suited to the work in hand. The electrical equipment 
for shovels has been designed with this in mind and, 
with the voltage-control type, equipments are being 
built to equal, or even exceed if necessary, the per- 
formance characteristics of the most modern steam 
machines. Fig. 2 shows the bail speed—bail pull 
characteristics of various types of machines. 

The great advantages of the electric shovel are 
reliability and economy, and these are directly related 
to low maintenance and operating costs. The greater 
reliability of the electric as compared with the steam 
machine, is due partly to the substitution of the rotary 
motion of the motors for the reciprocating motion of the 
steam engines. The electric shovel is cleaner, more 
orderly and, in general, better maintained than the 
steam machine. The electric supply, brought to the 
shovel through a flexible cable, is more dependable and 


873 


874 


subject to fewer shut-downs than the water and coal 
supply to the steamer. This is especially true in winter 
operation, when frozen water pipes are common and 
transportation difficult. It is not easy to get good 
comparative operating records, but experienced opera- 
tors who are familiar with both types of machines are 
almost unanimous in the opinion that the percentage of 
working time is much greater for the electric than for 
the steam machine. 

The question of operating economy is easier to con- 
sider in detail. Coal, delivered at the shovel, is usually 
expensive and its conversion into mechanical energy 
with the limited boiler equipment and reciprocating 
engines of the steamer is a very inefficient process. On 
the other hand, the central station gets its fuel at the 
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Fig. 2—CurvES 


best possible rate. Furthermore, the turbine-generator 
is a highly developed and efficient producer and, even 
though the energy applied to the shafts on the electric 
machine has had to undergo several more steps of con- 
version from one form to another and has been trans- 
mitted over a considerable distance, much more actual 
working energy is obtained from a pound of coal than it 
is possible to get on the steam machine. 

A large saving with the electric shovel is due to the 
fact that a smaller crew is required, two instead of three 
men being necessary by the elimination of the fireman. 
The pit-gang can also be reduced by one or two men 
because there is no water and coal supply to be main- 
tained. Furthermore, no watchman is required to 
keep the fires over night. The steam shovel is -also 
always at the mercy of water supply in the locality in 
which it operates, and the water available is frequently 
very unfit for boiler use. 

With the majority of operators, output or yardage is 
the first consideration, and all other factors in operation 
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are subordinated to this. Continuity of service is the 
all-convincing argument for the electric shovel.’’ As- 
sured of freedom from shut-downs for overhauling, 
adjustments or repairs, this type of shovel produces — 
surprising records, especially for operation over a long 
period of time. 

Records show that, considering an average, the 
repairs on electric machines are approximately 18 per — 
cent less than those on steam machines. 

There seems to be no question but that the electric 
shovel is cheaper to maintain and operates a larger . 
percentage of the time than the steam machine. Of © 
course there are individual cases where the maintenance 
of electric shovels runs high and the percentage of time 
operating runs low, due either to inefficient operation or 
local conditions which cannot be controlled. 

In this connection, it is interesting to note that several 
large shovel operators and many small ones have 
recently decided on a complete change-over from steam 
to électric drive, as the result of very careful study 
involving, in some cases, actual tests over a long period 
of operation with both types of equipment. 

It is very difficult to obtain records of operating data 
on electric and steam shovels that will be comparable 
and conclusive. The collection of such evidence is 
made more difficult by the reluctance of many operators 
to discuss confidential data in regard to their operating 
costs. We are fortunate, however, in being able to 
present the unbiased opinions of some large operators 
who have had extensive opportunity to prove for 
themselves the superiority of the electric machine. 

Mr. R. S. Walker, Consulting Engineer of the 
M. A. Hanna Company, Cleveland, Ohio, has expressed 
himself as follows in an article describing the first com- 
plete electrification of an open-pit, iron-ore mine in 
Minnesota: 


“SAVINGS EFFECTED BY ELECTRIC SHOVEL (350-TON 
CLASS) IN COMPARISON WITH STEAM MACHINE 
Labor. The electric shovel has eliminated firemen 

and craners, and the expense of handling coal as well as 

the installation and maintenance of water lines. 

(Electric shovels can be used in places where it would 

be practically impossible to supply coal to a steam 

machine. ) 

Power Cost. The power cost has averaged approxi- 
mately one-half cent per cu. yd. as compared with two 
and one-half cents per cu. yd. fuel cost for the steam 
machines. 

Repairs and Maintenance. Records kept over a 
period of four years show an average of less than $5000 
per year for the 350-ton electric machines, as compared 
with about $25,000 per year for the steam. These 
figures are based on a directly comparable yardage. 
Delays directly chargeable to electric equipment have 
been less than one per cent of the available working 
time. 

Capacity. Experience has shown that the large, full 
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revolving electric shovel has a capacity equal to that 
of the fastest steam machines. 
_ eu. yd. in 20 hours have been recorded, and monthly 


Daily runs of 8000 


averages of 150,000 cu. yd. Over long periods, the 
electric machine will show greater capacity than the 


steam on account of a higher percentage of actual 


working time due to fewer breakdowns and no delays 


_ for boiler washing and repairs.” 


Another prominent engineer connected with one of 
the large mining companies has given us the following 
statement: 

“We have found the electric maintenance on shovels 
to be so small as to be nearly negligible. We have also 
found the maintenance on gearing to be practically 
negligible. We believe that the maintenance of elec- 
tric shovels compared with steam shovels, working 
under similar conditions over a similar length of time, 
would probably be not over one-half to two-thirds of 


Fie. 3—Recorping Meter Cuarts SHowine SHovet Dury 
CYCLES 


Curve No. 1 Hoist-Motor Input Current, Full Scale Equals 3000 
Amperes. 

Curve No. 2 Crowd Motor Input Current, Full Scale Equals 1000 
Amperes, 

(Interval between Curved Lines, 15 seconds.) 

‘Curve No. 3 Swing Motor Input Current, Full Scale Equals 1000 
Amperes. 

Curve No.4 Kilowatt Input to Shovel; Full Scale Equals 600 kw. 


the maintenance on the steam shovels. The largest 
saving to be obtained from the electric shovel is pri- 
marily in the cost of electric power over coal, the reduc- 
tion in labor, and its availability for operation a greater 
portion of the time. 

“All new shovels that we are now buying for our 
mines and quarries, where we have electric power 
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We have now in 
operation two 300-ton revolving electric shovels, four 
110-ton railroad type electric shovels and three 70-ton 
revolving electric shovels.” 

Leaving the comparison of electric and steam ma- 
chines with the advantages of increased output and 
lower cost of operation in favor of the electric machine, 
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the various types of electrical equipment available for 
shovel drive may be considered. 

In considering electric equipment for shovels there 
are two things to be kept constantly in mind. The 
first refers to practically all applications of electric 
motors; namely, the suitability of the speed, torque and 
operating characteristics of the electrical equipment to 
the workin hand. The other is the ability of the equip- 
ment to withstand vibration, rough usage and unusual 
conditions with the minimum of maintenance. The 
severity of the conditions under which shovel equip- 
ment operates is almost without parallel in industrial 
applications. Perhaps the nearest approach to it is 
found on auxiliary drives for steel mills, although here 
there is less vibration and better maintenance. 

Shovel operations are very rapid, running as high as 
20 to 30 operations per min. on the crowd motion of a 
small shovel. The torque will be the maximum ob- 
tainable on a large percentage of the operations, and 
the duty cycle is of a varied and uncertain character 
as shown in Fig. 8. The ideal equipment is one in 
which the retarding torque is constant for any controller 
setting and where its value is always under the control 
of the operator. 

The vibration conditions are best appreciated when 
actually experienced. There is a severe pitching and 
rolling motion due to the action of the dipper against 
the bank. This is the same effect as is found on high 
speed trolleys but greatly intensified. There is also 
a secondary or constant vibration due to the action of 
the various gears and other fast moving parts. This 
undoubtedly causes more damage than the intermittent 
vibration due to the tendency to synchronize with cer- 
tain natural vibration periods of the part subject to 
damage. 

The majority of electric shovels are operated without 
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adequate electrical maintenance. Although the shovel 
operator gets to be more or less of a mechanical expert, 
the electrical equipment is rarely thoroughly understood 
and, if attended to at all, is as likely to be damaged as 
helped. Occasional inspection by an electrician is the 
best that can be hoped for, and regular inspection, 
adjustment, and renewal of working parts should not be 
figured on. The usual procedure is to operate until 
something breaks and then repair it in the quickest 
way possible. 

While it is impossible to secure all the advantages of 
the full voltage control type of equipment on a single 
generator equipment, it has been found of great advan- 
tage on small shovels to use a type of generator having a 
decided drooping volt-ampere characteristic with no 
load voltage higher than normal, and voltage at 
maximum load as low as possible. This amplifies the 
desirable characteristics of the series motors, produces a 
faster shovel and, at the same time, tends to reduce the 
power peaks and the strains and stresses on the mechan- 
ical parts. In this connection, it is worthy of note that 


Fig. 5—Smauui Revorvine Evecrric SHOVEL WITH INDIVIDUAL 
Moror Drive 4 


there have been several cases where operators, having 
shovels operating on a constant voltage, direct-current 
system, have decided on the use of a d-c./d-c. motor- 
generator. This decision was made after seeing the 
performance of similar shovels but equipped with 
motor-generators having drooping characteristics. In 
other words, even though direct current is available at 
the shovel, it is advisable to interpose a motor-generator 
on account of the superior operating characteristics 
produced: by the drooping generator characteristic. 

On the earlier railroad type and the larger revolving 
shovels (Figs. 6 and 7) the equipment was similar to that 
of small shovels except that, on account of the larger 
sizes of the motors and because of the additional space 
available for the remainder of the equipment, contactor 
control was used. This type of control, though having 
done excellent work in the early days, has been practi- 
cally superseded by the voltage-control type of equip- 
ment using individual generators with special 
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characteristics for each motion. In its latest form this 


equipment uses separately excited motors, thereby 
entirely eliminating all contactors and relays. Of 
course no such development is possible with the a-c. 
type of equipment. 
typical lists of equipment for both railroad and large 
revolving types of shovels. 

The question of using a-c. or d-c. motors for shovel 
drive has always received serious consideration. 
often the case, the superior characteristics of the one 
type of equipment are offset, to some extent, by the 


Fic. 6—3144-Yp.—Rattroap Tyrer Execrric SHOVEL 


lower first cost of the other although, when proper a-c. 
equipment is installed and transformers mounted on 
the shovel, there is practically no difference in first 
cost. The first electric shovels were driven by a-e. 
motors, but the d-c. type soon came into the field with 
such success that, at the present time, more than 90 
per cent of the installations are of that type. 


The d-c. series motors, or the separately excited 


motors operating from generators with suitable charac- 
teristics, have inherent variable speed torque character- 


Fie. 7—Larcr Revoiyina Evecrric SHOVEL 


istics which produce a flexibility and speed of operation 
which assures large production and efficient operation 
under all conditions of digging. The desirable opera- 
ting characteristics of the steam machine, which are 
imitated to a certain extent, are stalling under heavy 
overloads and running at speeds higher than normal 
under light loads. This is illustrated by the curves of 
Fig. 2. These characteristics make an equipment that 


is easily handled and controlled. Motors tend to vary — 
their speed automatically to meet the digging condi- — 


Journal A. I. E. 1om 


In the appendix will be found — 


ABS is — 


| 


Aug. 1925 


tions. With voltage-control type of equipment it is 
possible to get creeping speeds for inspection, oiling of 
moving parts, (such as the hoist chain), and close 
work,—all of which are impossible with any rheostatic 
type of control. 

The use of a motor-generator between the line and 
the driving motors gives a buffer action which is very 
useful in protecting the mechanical parts against undue 
stresses’ and strains, and the line against high current 
peaks. Operators frequently comment on the “rubber” 
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or “give” in the d-c. voltage-control equipment. It is 
practically impossible to get this with the induction 
motor type of equipment. 

The advantages of the d-c. equipment as regards 
power supply are quite marked provided the shovel is 
kept busy. The average efficiency is considerably higher 
than that of a system requiring repeated periods 
of rheostatic losses which become greater with 
harder digging. Due to the generator characteristics 
producing low voltage at high current and high voltage 
at light load, the power peaks will be much lower than 
is possible for a constant voltage system producing the 
same maximum torques. The induction motor drive 
produces greater power peaks for the same maximum 
torque than those with the d-c. motors operating on a 
variable voltage system. Due to the higher peaks 
and heavier average power demand, the a-e. installa- 
tion requires larger transmission lines than the d-c. 
This is especially true when there are only one or two 
shovels in a mine or quarry. In the case of remote 
installations, and, in fact, in almost all cases, there will 
be times when the a-c. voltage falls below its normal 
value. In these instances the performance of the d-c. 
equipment will not be appreciably affected while the 
performance of the a-c. equipment will suffer, greatly 
due to the loss in starting and running torques. 
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D-c. motors, especially designed for shovel and - 
similar service, have a considerably lower W R? than 
it would be possible to obtain in induction motors 
suitable for this class of work. Low W R? is necessary 
for fast operation except at the sacrifice of large quanti- 
ties of energy. 


The d-c. equipment is in general better suited to the 
severe conditions of operation. The motors are of the 
rugged, reliable type that has been used for a great many 
years in the most exacting steel mill installations. The 
windings are simple, and large cross section copper is 
used. The motor-generators are of the same general 
construction as those used for mining work and similar 
applications. In addition, they have many special 
features of mechanical construction designed for this 
particular service in order to make them exceptionally 
compact and substantial. 


Certainly, there is no comparison between the simple 
drum-type controller and field resistor of the voltage 
control equipment, and the complicated contactor con- 
trol with bulky secondary regulating resistors of the 
a-c. equipment. On a railroad type shovel there are 
upwards of 150,000 automatic contact operations per 
ten hour shift on the a-c. equipment as contrasted to 
none on the d-c. equipment. Even in the case of the 
small shovel equipment, the d-c. drum controllers and 
resistors are more compact and havesimpler connections. 
Also, on account of the smaller number of contacts, 
they are more easily operated, an important point 


Fic. 9—Raitroap Typr SHovEL with Housina RemMovep 
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when the number of motions per hour or day which the 
operator makes is considered. 

All shovels, with the possible exception of the very 
largest types, are very much crowded for space. (Fig. 
9). The continual endeavor is to cut down the overall 
dimensions of the various units comprising the equip- 
ment without sacrificing sturdiness and accessibility. 
On a-c. shovels the resistors and contactor equipment 
take up more space and require more crowding than 
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does the motor-generator with its three generators, on 
the d-c. type. 

In the last analysis, however, it is operating results 
that count. It is extremely difficult to get real con- 
parative data on the operation of both types. They 
are very seldom found on the same property and, there- 
fore, when they are compared, one advocate will say 
the conditions of operation are vastly different. For- 
tunately, however, there are a few places where the 
conditions cannot be questioned. One large company 
operated as many as nine a-c. shovels of the larger 
types. They then purchased three d-c. variable- 
voltage shovels, and have but recently ordered six 
more d-c. machines. There can be but one conclusion 
drawn from this. The net result may be summed up 
as a very material reduction in the cost per ton for 
loading ore, coal, or spoil, or moving waste in stripping 
operations. 

The problem of availability of power supply has here- 
tofore been of some weight but with the tremendous 
recent growth in the number of central stations and 
suitable transmission systems, this has taken a relatively 
unimportant place and the majority of quarries and 
mines are assured of an ample and dependable supply of 
power at a reasonable price. 
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Shovel electrification is coming rapidly to the foré as 
indicated by the number of large operating compdnies 
making or seriously considering the change from steam 
to electric drive. While the foregoing indicates clearly 
that the authors of this paper feel that d-c., variable- 
voltage control is the ideal equipment at the present 
stage of the art, at the same time it must not be over- 
looked, that, under certain conditions, shovels equipped 
with a-c. motors have operated with a fair degree of 
success. With alternating current there is no necessity 
for motor-generators for the conversion to direct- 
current, although, as pointed out previously in the 
paper, little or no space is saved as a result, the space 
being taken up by the controlling panels and resistance. 
Sometimes the power consumption is a matter of small 
moment and the line can stand heavy peaks. Even 
then the a-c. shovel should not be considered, as the 
lack of control with consequent wear and tear on me- 
chanical parts offsets any apparent advantages. The 
superior operating characteristics of the d-c. equipment 
are becoming quite generally recognized, both on 
the part of shovel builder and large operating 
companies whose engineers have had the opportun- 
ities for close first hand study of both types of 
equipment. 
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USE OF FREQUENCY CHANGERS FOR INTER- 
CONNECTION OF POWER SYSTEM! 
(WooprRow) 

Sr. Louis, Mo., Aprin 14, 1925 

R. W. Wieseman: | should like to ask Mr. Woodrow about 
the pull-out torque of this frequeney-converter set; this is given 
as a little over 70,000 kw., or over twice the normal torque 
of the set. Is this pull-out torque the actual synchronous 
torque which the set can furnish for an appreciable time or is it 
the momentary torque of this set which includes the inertia 
torque of the rotors? The inertia torque is useful in a synchro- 
nous motor for a small fraction of a second only. The energy 
stored in the rotors of this frequency-converter set could furnish 
over twenty times normal load for but a few eyeles. However, 
the limiting feature of the power output of the set is the ability of 
the generator to transmit power to its system. The power 
output of the generator, for a fraction of a second, is limited by 
the leakage impedance and not by the synchronous impedance 
because the generator magnetic flux can not change quickly and 
therefore it cannot be influenced by the opposing armature 
magnetomotive foree. Thus, only two or three times normal 
load can be delivered by the generator for a small fraction of a 
second, 

Therefore, to say that a frequeney-converter set has a high 
pull-out torque without fully explaining the conditions, is mis- 
leading. The rational basis upon which synchronous ma- 
chines can be compared is the constant or steady-state overload 
for an appreciable time, such as thirty seconds. Unity-power- 
factor machines of this type are usually designed with a short- 
cireuit ration of unity and, consequently, the trwe synehronous 
pull-out torque is only 150 per cent of the normal torque. 

Mr. Woodrow states that the synchronizing power is a func- 
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tion approaching the square of the voltage. In any simple 
circuit with constant impedance the power varies exactly as the 
square of the voltage. Two duplicate generators operating in 
parallel through a transmission line have a synchronizing power 
which also varies as the square of the line voltage assuming that 
both generators have approximately the same voltage. With a 


_frequeney-converter set operating between two systems the 


capacities of which are much greater than the capacity of the 
set, the maximum power that can be transferred varies approxi- 
mately as the first power of the line voltage because, Maximum 
instantaneous power = (line voltage X machine virtual voltage) 
+ (transient impedance) or Maximum steady-state power = 
(line voltage X machine nominal voltage) + (synchronous 
impedance). Since the virtual voltage (flux) or the nominal 
voltage (excitation) are constant, respectively, the maximum 
power varies approximately as the first power of the line voltage. 

It follows that a frequeney-converter set which has a steady- 
state maximum power of only 50 per cent above normal ean 
carry 100 per cent overloads with a reasonable drop in line 
voltage for a small fraction of ‘a second. 

H. R. Woodrow: The 35,000-kv-a. frequency changer has a 
pull-out point of 70,000 kw. for the first few eyeles covering the 
first oscillatory swing of surging between the systems. The 
sustained pull-out point is about 55,000 kw.; that is, after the 
magnetizing action of the motor field comes into play. 

The equation for maximum instantaneous power given by 
Mr. Wieseman is approximately correct where the resistance of 
the circuits is small compared with the reactance and when his 
term “transient impedance”’ represents self inductive reactance 
and resistance and ‘‘machine virtual voltage,” the generated 
voltage in the motor. The maximum steady-state power is 
represented by exactly the same formula, but Mr. Wieseman has 
used an imaginary expression, ‘‘machine nominal voltage” 
which represents the motor generated voltage multiplied by the 
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ratio of another imaginary term synchronous impedance and real 
impedance. 

Under normal operations the real impedance drop through the 
machine is small and therefore the voltage generated in the motor 
is approximately the same as the line voltage and therefore the 
maximum instantaneous power is equal to the line voltage 
squared, divided by the real impedance. 

The exact expression for maximum instantaneous power be- 
tween two synchronous machines having the same generated 
voltage is 

V2/2\x (1— R/Z) where V = voltage, Z = 
R = resistance. 


impedance and 


AUTOMATIC CONTROL FOR SUBSTATION 
APPARATUS: 
(Minian) 
Sr. Louis, Mo., Aprin 14, 1925 

E. C. Stone: I want to second vigorously Mr. Millan’s 
conclusion that the auxiliary equipment, relays, ete., which are 
used in automatic substations must be designed with a very 
great degree of reliability. 

Automatic equipment adds cost to the station but we often 
forget that it saves operators’ salaries. In any event the 
automatie equipment is only a small percentage of the cost of the 
stations and we should not hesitate to spend even 50 per cent 
more on it if, by doing so, we could be assured of obtaining per- 
fect operation. 

Chester Lichtenberg: One point which might be em- 
phasized is the rapid development of automatic-station control 
equipment during the past three years. <A survey of the situa- 
tion indicates that during this period a great deal more attention 
has been paid to the details of design not only of the complete 
equipments but also of the individual devices so as to make them 
of maximum reliability with minimum maintenance. 

For feeder-voltage regulators Mr. Millan suggests two types of 
protection. 

1. Grounding protective relay. 

2. Temperature protective relay. 

Both of these devices are available and have been in auto- 
matie station service for several years. The grounding protect- 
ive relay (device function No. 64) is quite well known in certain 
parts of the country where it has proven exceptionally valuable 
in giving the impulse for disconnecting apparatus from service 
when such apparatus developed faults to ground. The same 
device slightly modified last year has been successfully applied to 
feeder-yoltage regulators and other similar devices. It will 
operate on any fault to ground in excess of 30 amperes and in 
combination with suitable oil circuit breakers affords protection 
against extensive damage. 

Temperature protective relays (device function No. 49) 
for feeder-voltage regulators are available. They have not been 
sold in general, however, because the purchasers of the feeder- 
voltage regulators do not care to pay the small additional expense 
which these devices would add. 

Most of the a-c. automatic stations which have been installed 
to date are of the relatively simple type described by Mr. Millan. 
There are outstanding examples, however, of very complete 
a-c. automatic stations which are very much more extensive and 
which have been in successful operation for three or more years. 
For example, the Kansas City Power & Light Company has had 
in operation since 1921 two a-c. automatic substations. They 
each have two or more incoming lines with two or more banks of 
transformers and a dozen or more outgoing feeders. The stations 
are designed so as to have only sufficient transformers connected 
in service to supply power to the load. Consequently, in times 
of light load a minimum transformer capacity is excited. The 


stations are also arranged so that in case of trouble to any trans- 


former bank or incoming line the bank or line is automatically 
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switched out of service and replaced by an emergency bank or 
line. 

The successful operation of these automatic stations empha- 
sizes another point. It is the requirement that relaying devices 
for automatic substations be considered on quite a different basis 
from those for manual substations. In the manual station there 
is an attendant. It is his ordinary duty to watch the instru- 
ments provided for him so that he may check the operation of the 
various relays, ete. Incase of trouble he is expected to substitute 
himself for the relay devices should they fail. In an automatic 
station there is no attendant. If a relay is called upon to per- 
form its function it must not only be ready to perform that 
function but must perform it successfully. If there is dust on 
the contacts the contacts must be so designed that when opera- 
ting the dust must either be wiped off or contact be made not- 
withstanding the dust. If the operation is to oceur at 180 volts 
then it must oceur at 180 volts and not wait until the pressure is 
at some other value. This has meant anew and very rigid stand- 
ard with regard to the performance of relaying devices for auto- 
matic stations and the successful operation of several thousand 
of these during the past ten years evidences what can be done. 


In connection with automatic stations there have been de- 
veloped a number of supervisory systems. Some of these use 
automatie telephone relays. Such relays are suited for auto- 
matic telephone-central service but are not suited for automatic 
power-substation service. For example, the usual automatic 
telephone exchange has reasonably clean rooms kept at a rela- 
tively constant temperature. Besides, the relays are usually 
inspected and tested about once a day or at the most once a week. 
In automatie station service, however, supervisory system relays 
are frequently called upon to operate without inspection or test 
excepting at intervals of one month or more. The ones in the 
outlaying stations are subjected to temperatures varying from 
40 deg. cent. below zero to 80 deg. cent. or more above zero. 
The conditions, therefore, are quite different and it is easy to see 
why a totally different class of relaying device is required for a 
supervisory system in automatic power-substation service than 
for automatic telephone-exchange work. This analysis has been 
proven correct by actual experience. So much so that one of the 
manufacturers furnishing supervisory systems has discarded all 
automatic telephone relays and uses relays developed exclusively 
for railway train-dispatching service where inspections are made 
not oftener than once a year. These relays represent almost the 
last word in relay development because experience has indicated 
that when correctly installed they require no maintenance and 
practically no inspection. 

E. K. Huntington: In our system in Rochester, New 
York, we have recently installed two a-c. and one Edison auto- 
matie substations. The reference that various devices, which 
have been taken from the manual station and applied to the 
automatic station, should be more reliable is certainly one that 
needs our attention. Among these might be mentioned bearing 
temperature of relays and devices which cannot be easily tested 
after their installation. We have found that most devices are 
subject to change in calibration after installation and unless 
tested periodically are unreliable for that reason. In one auto- 
matie station in which there is a vertical hydro-generator, 
we are using a recording bearing-temperature device which not 
only records the bearing temperature and shows that it is work- 
ing, but also has contacts on it for tripping the machine in case 
the temperature reaches the value at which the contacts are set 
to operate. Such a device seems very desirable where its cost 
is warranted. 

We have found that constant attention is necessary on all 
devices in automatic stations. At the present time we are mak- 
ing a practise of putting each automatic operation through its 
complete eycle at least once every month, as a check upon the 
operation of various devices which may stand for a considerable 
time without operating in actual service. 


880 


In our Edison system, we have about a 20,000-kw. load 
supplied over an area of about one mile radius. The voltage- 
regulating devices, which were supplied with our Edison auto- 
matic substation equipment hold bus voltage within about two 
volts either way, or a four-volt swing on the 250-volt system. 
In our particular ease, this has worked out very satisfactorily 
and no objectionable exchange of load has been noticed. More 
sensitive voltage-regulating devices are undoubtedly necessary, 
in supplying the highly concentrated loads of the larger cities but 
not in the average Edison system. 

H. O. Stephens (communicated after adjournment): Mr. 
Millan points out a number of details in the automatic equip- 
ment which may give trouble on account of failure to operate. 
In particular, he mentions the possibility of trouble developing 
with thermostats and water-control valves on water-cooled 
transformers. The remedy is obvious and should not be passed 
over without mention. 

When the type of transformer for automatic sub-stations is 
being selected, there are usually three choices available: 

First: Water-cooled transformers. 

Second: Combination self-cooled, water-cooled transformers 
capable of carrying light loads without water, but with automatic 
thermostats and valves for turning on the water supply for water 
cooling during peak loads. 

Third: Self-cooled transformers capable of carrying the 
maximum peak load. 

The cost of a self-cooled transformer will range from zero to 
fifty per cent greater than the cost of a water-cooled transformer, 
depending upon the size, complications, and voltage; while the 
cost of a combination self-cooled, water-cooled transformer will be 
approximately midway between the cost of a water-cooled trans- 
former and a self-cooled transformer. 

Transformers of all three types have been used in automatic 
substations but it is my opinion that while more or less practical 
control devices are on the market for controlling the water for 
water-cooled and combination self-cooled water-cooled trans- 
formers, they involve altogether too ‘‘clever”’ designing. The 
simple self-cooled transformer capable of carrying the maximum 
peak load is the obvious solution as all of the auxiliary thermo- 
stats and valves for controlling the water supply are eliminated 
and the increase in cost of the self-cooled transformer can be 
justified when it is considered that the efficiency of the self- 
cooled transformer is also usually higher. The self-cooled trans- 
former has another decided advantage since the oil temperature 
is a much better indication of the load than it is on a water- 
cooled transformer; while the oil temperature of combination 
self-cooled water-cooled transformer fluctuates so widely that it is 
of little or no value in indicating the load. A reliable thermo- 
stat for tripping off the load in case the transformer reaches a 
dangerous temperature can readily be installed in the top oil of a 
self-cooled transformer. These facts should be very carefully 
considered before deciding on the use of anything but self- 
cooled transformers in an automatic substation. 


INITIAL AND SUSTAINED SHORT CIRCUITS IN 
SYNCHRONOUS MACHINES 
(KARAPETOFF) 
SHORT-CIRCUIT CURRENTS OF SYNCHRONOUS 
MACHINES 
(FRANKLIN) 
St. Louis, Mo., Aerin 14, 1925 
R. E. Doherty: Progress in most investigations of the com- 
plexity of those taken up in the two papers on short-cireuit 
currents is made step by step. 
As Professor Karapetoft brought out, there are still further 
steps to take; saturation must be taken into account and also 
the effect of salient poles. But I think that the equations and 


1. Page 855. 
2. Page 863. 
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the results which have been obtained by Mr. Franklin and which 7 
Professor Karapetoff’s method has completely cheeked ave — 
formed another definite step in advance in this problem. 


I wish to say a word about methods. In 1918, I was engaged 
in some work along these lines and\I was confronted, like every- 
body else who has undertaken such studies, with the practically 
impossible undertaking of solving short-cireuit problems when 
resistance is taken into account. In the investigation it appeared 
that sufficiently close approximation could be made in many 
instances by neglecting resistance. 

I proposed, at that time, the constant-linkage theorem which 
Mr. Franklin has utilized in his paper. It is the simple relation 
which follows at once from Kirchoff’s Law and the assumption 
of zero resistance. From these two premises, the theorem stated 
in Mr. Franklin’s paper is this: In any closed circuit without 
resistance the flux linkages must remain constant. It doesn’t 
matter how many secondary circuits there are, or what the net- 
work involves, the theorem is rigidly true. 

Now, the question which I wish to raise with respeet to Prof. 
Karapetoff’s paper is that if this theorem is true (he makes the 
assumption that the resistance is zero), why is it necessary to go 
back to Kirchoff’s equations in each particular case as he does, 
performing the integration and finding the integration constant, 
which in every case, of course, turns out to be the known mag- 
netic linkages existing when the circuit was closed? 

Prof. Karapetoff has stated that after making the integration, 
that is, dropping the derivative symbol, the problem is solved. 
That is exactly where you start if you apply the constant-leakage 
theorem. Mr. Franklin has followed the latter method. That 
is a point more of interest than of importanee, but it isa question 
of ease with which the problem ean be solved, if the facilities 
afforded by a simple theorem are taken advantage of. 


R. W. Wieseman: In single-phase generators usually only 
two-thirds of the coils per pole are used and connected in series. 
This corresponds to a 120-deg. phase belt and is classified under 
Case 5 of Mr. Franklin’s paper. From Table II we find that the 
initial single-phase short-cireuit current peak value (Case 5) 
is only 86 per cent of the three-phase short-circuit peak, Case 9. — 
Furthermore, the current wave of Case 5, Fig. 5, is more peaked 
than that of Case 9, Fig. 8, so that the effective value of the initial — 
single-phase short-circuit current, Case 5, will be less than 86 
per cent of the initial three-phase short-circuit current. There- 
fore, at the initial short cireuit an armature coil in a single-phase 
generator will have only about half as much heat to dissipate as 
an armature coil in a three-phase generator. However, a study 
of a large number of oscillograms shows that the initial single- 
phase short-circuit current is practically the same as the three- 
phase short-circuit current. 
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The five assumptions which the author made in deriving the 
formulas are reasonable and they should not introduce an ap- 
preciable error in most eases. These assumptions must be made 
if a simple and practical solution of such a complicated problem 
is to be obtained. There are, however, a few cases which might 
be mentioned as a matter of interest in which different results 
are obtained in practise froni those given by the formulas. I 
refer to the sustained short-cireuit armature current waves of 
Cases 1, 2, 3, 4 and 5 shown by Figs. 9, 10 and 11 whieh show 
symmetrical short-cireuit current waves. Fig. 1 aeecompany- 
ing this discussion shows a typical sustained armature current 
wave corresponding to the author’s Case 5, Fig. 11, of a eylindri- 
cal-rotor generator without a pole-face damper winding. The 
five assumptions are realized in this type of a machine more than 
in any other type. Contrary to Fig. 11, Fig. 1 herewith is not a | 
symmetrical wave and it contains cosine terms as well as sine 
terms. Fig. 2 herewith shows a typical sustained short-eireuit 
current wave corresponding to Case 5, Fig. 11, of a salient-pole 
machine without a pole-face damper winding. Fig. 2 herewith — 
is a symmetrical wave, but this machine does not fulfil condition _ 
D of the paper. = eS 
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Fig. 14 of the paper shows the same short-circuit current waves 
for both Cases 8 and 9. For Case 8 the short-circuit armature 
current wave is rarely a sine wave as shown by Fig. 14. The 
short-circuit current wave for Case 8 usually contains a negative 
third harmonic which gives a peaked wave as shown by the 
accompanying Fig. 3. For Case 9 the sustained short-circuit 
current wave is practically a sine wave as shown by the accom- 
panying Pig. 4. It should be noted that this Fig. 4 agrees with 
Wig. 14in the paper. 


Fig. 2—SustTainrep SINGLE- 
Puase Suort-Crrcuir Cur- 
RENT TERMINAL TO TERMINA 
(Case 5) Sauinnr Pote Gene 
ATOR WITHOUT Damprpr WIND- 
ING 


Fig. I—Sustainep SINGLE- 
PHASE, SuHort-Circuir Cur- 
RENT, TERMINAL TO TERMINAL, 
(Case 5). Cytinpricat Rotor 
GENERATOR WITHOUT DAMPER 
WINDING 


Fig. 4—Susrarnep THREE- 
Puaset, SHort-Circuir Cur- 
RENT, NEUTRAL NOT Con- 
NECTED (CasE 9) GENERATOR 
wirtHoutT Damprr WINDING 


* Fic. 3—SustTainep THREE- 
Puase, SHortT-Crrcvuir Cur- 
RENT, NEUTRAL CONNECTED 
(CASE 8) GENERATOR WITHOUT 
DamePER WINDING 
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Fig. 5—SustTainrep SINGLE- 
Puasr, SHort-Crrcurr Cur- 
RENT, TERMINAL TO TERMINAL 
(Casg 5) CyntinpricaLt Rotor 


Fig. 6—SustTaiInepD SINGLE- 
Puasr, SHort-Crrcurr Cur- 
RENT, TERMINAL TO TERMINAL 
(Casp 5) Satient Poin GEn- 


ERATOR WitH DamprER WIND- 
ING 


GENERATOR with Dampur 
WINDING 


Piatt “Cyerent 


f 


Fic. 7—Susratnep Two-Puasn, SHort-Crrcuir CurRENT 
or A Turen-PHaseE GENERATOR BETWEEN Two TERMINALS 
AND NEUTRAL, wirtHouT DamprprR WINDING 


In addition to the five assumptions made in deriving the for- 
mulas of this paper, there is another assumption which the author 
made but apparently neglected to mention, namely, that the 
machines have no pole-face damper windings. All synchronous 
motors are furnished with pole-face starting windings and many 
generators have pole-face damper windings. If the machines 
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whose sustained short-circuit armature current waves are shown 
by Figs. 1 and 2 herewith are equipped with pole-face windings, 
the short-circuit current waves will now be as shown by Figs. 5 
and 6 herewith respectively. It is apparent that these waves are 
as nearly true sine waves as can be obtained. The addition of a 
good damper winding short circuits the double-frequeney 
armature-reaction component which induces (by transformer 
action) a triple-frequency voltage in the armature winding. 
Sinee the phase belt is 120 deg. (Case 5) the third-harmonic 
voltage induced (by dynamic action) in the armature winding by 
the third harmonic of the flux wave cannot appear at the ter- 
minals of the machine. Consequently, a nearly true sine wave of 
current results. 

Fig. 16 of the paper shows an oscillogram of the sustained two- 
phase short-cireuit currents of a three-phase alternator short- 
circuited between two terminals and neutral, Case 7. It is 
pointed out in the paper that the alternating component induced 


Fic. 8—Di1acram SHowina Continuity or Frux LeaKkaqss 
Durine SHort Circuit 


in the field winding in this case is very small and the field-current 
Curve A, Fig. 13, is shown as a straight line. Fig. 16 shows a 
double-frequeney component in the field current of only plus or 
minus 9 per cent. The generator which was used in this particu- 
lar case was equipped with a pole-face damper winding which 
tends to damp the single-phase double-frequeney pulsations in 
the field cireuit. Fig. 7 herewith shows an oscillogram of the 
armature current and field current for the same conditions 
as shown by the author’s Fig. 16 taken from a generator which 
had no pole-face winding. It should be noted that the variation 
in the field current is plus or minus 33 per cent. Therefore, 
Case 7 is in reality a partial single-phase load (the two armature 
currents being out of phase by 120 deg.) and results in the usual 
double-frequeney pulsation in the field winding. Of course, 
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Case 7 does not give so great a double-frequency pulsation as 
Cases 3 and 5, but it is decidedly more than Cases 8 and9. If the 
value of the coupling coefficient K is calculated for this particular 
machine, it is found to be from —0.35 to —0.40 instead of cosine 
120 deg. which equals —0.5. 

J. F. H. Douglas (by letter): The points that impress one 
most forcibly in Professor Karapetoff’s paper are the mathe- 
matical elegance and the generality of the relations discussed, 
together with the space-vector diagrams. There are a few points 
which I should like to mention. 

In the first place it should be noted that the equations (21) 
to (25) are really of great simplicity. The chief difficulty in the 
appendices that follow lies in the determination of the constants 
of integration. Whether one reads the latter appendices or not, 
the first appendix should be of great general interest, in that it 
proves the general principle involved. 


C = Coil Center E=Coil Edge 
Fic. 9—TRANSVERSE Frux Wave SHAPE 


The physical interpretation of Equations (21) to (25) is that 
there is continuity and approximate constancy in the linkages 
existing at the instant of short circuit, so that, the armature 
drags its linkages around with it. A picture of my interpreta- 
tion of these equations is shown in Fig. 8 herewith, where a 
two-phase machine is shown with 50 per cent pitch armature 
coils. At the top of the picture are shown conditions at instant of 
short circuit. Phase A links with useful flux, phase B with no 
flux and the field with the total flux. Phase A has no leakage 
locally around the slots at this instant. The middle figure shows 
flux lines 90 deg. later in time phase. Phase A has dragged its 
linkages around into the interpolar region. Phase B has re- 
flected or warded the pole flux away from entering the armature. 
The lowest portion of the figure shows flux lines 180 electrical 
degrees from the start. Phase A is now feeding flux into the 
pole, and the leakage flux is immensely increased, both locally 
and between the poles. This picture shows perhaps more clearly 
than any formula the advantage of having the values of o and 
7 less than one and a value of K considerably less than unity, if 
possible. It is readily seen that the values of armature current 
and field current corresponding to the bottom diagram must be 
very large to force the flux through paths of such high reluctance. 
A similar condition obtains in the case of a machine with a 
distributed field. 

In the fifth paragraph of the paper the assumption is made 
that the field winding is placed upon a cylindrical rotor, so that 
the self and mutual inductances of the armature windings may be 
considered to remain constant throughout a eycle. These 
constants are treated as absolute constants, however, and so it 
may be said that saturatior is also neglected. These assumptions 
are the same assumptions upon which the idea of ‘‘synchronous 
impedance” is based. The first of these assumptions is not true 
in any machine, for normal field currents. The principle of 
continuity in the linkages existing at short circuit, would tend 
to perpetuate saturation existing at the instant of short circuit. 
Nevertheless, the assumption of uniform air-gap permeance, 
constant inductances, and synchronous impedance, based upon 
them, all are useful as first approximations. 

As a second approximation, in the case of sinusoidal and steady 
load currents, I have found the idea of synchronous impedance 
useful even in the case of salient-pole machines, because of its 
simplicity. But, one must point out that at high saturations the 
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numerical value of this constant is reduced, and that at high 
power factors the numerical value is also decreased. Whéther, 
this same second assumption of an average and constant L — 
is also applicable to the case of the transient condition of short 
circuit I am not prepared to state. It would certainly be some 
simplification in the theory if it should prove to be the case. 

It oceurs to me that a third approximation ought to take in the 
variation of the permeance of the air gap with the angle from the 
pole center. Perhaps this can be best done by considering the 
flux resolved into two components, along the polar, and trans- 
verse to the polar axis. The flux produced by the direct ampere- 
turns, may be considered substantially as sinusoidally dis- 
tributed, while that caused by any transverse ampere-turns may 
be considered as distributed as in Fig. 9 herewith, the equation 
of which is Y = B; (sinaz+sin 32).1 The m.m. fs of the ar- 
mature are to be thought of as sinusoidally distributed, the di- 
rect flux as sinusoidal, but the transverse flux as non-sinusoidal. 

Let us assume a two-phase machine, with the windings identi- 
cal, and displaced 90 deg. on the armature surface. Let, 7, ¢, Na, 
Ny, Is, is, La, Ly, a, have the meaning in Prof. Karapetoff’s 
article. Let the direct flux be ¢a, the transverse ¢;'. Let x 
be the ratio of the transverse flux set up by 1 ampere-turn to 
the direct flux (sine-wave component). Let the arrangement of 
the circuits be as shown in Fig. 10 herewith. Then we should 
note that equations (1), (2), (3), (10a), (10b) and (10c) are not 
correct, since although M,, would appear to be zero, there is 
mutual induction between the phases owing to differing air-gap 
permeance in different directions. 


$1 = X (La/Na) (ia sin a — ty COs @) (1) 
da= (La/Na) (ig cos ati, sin a), + ty T Ly/Ny linking with 
armature (2) 
o¢=(Lao/Na) (iacosa+ty sina) + ag Ly; /Ny linking with field 
(3) 

The linkages in phase with a coil in position a is, of course, 
ox = oacosz + ¢; (sine — 0.33 sin 3 2) (4) 


When z is changed to a equation (4) herewith becomes 
equation for dq. 
To find oy we let x = 90 deg. — a, and get 

op = ¢asin a + ¢ (cos a + 0.33 cos 3 a) (5) 


2 
< 

v 
we 
AY 


Transverse Axis 


Fre. 10—Dracram or Two-PHAsr ALTERNATOR 


If the initial value of the field current if J; and the short cireuit 
occurs when the phase a is in maximum linkage with the pole. 

oy =IyLz/Ny, $0 =0, ba = 1p Ly/Nyp (6) 
The constants in equations (3), (4) and (5) herewith, are given — 
in (6) or in similar equations for other initial conditions. The 
variables @; and @4q can be obtained from equations (1) and (2) 
These equations contain only three unknown quantities 7a, 7, and 
iy, and therefore, permit us to solve simultaneously. Rather, 
however, pursuing the matter further, I call upon Professor 
Karapetoff to state, whether in his judgment, this reasoning is 
valid and if it would, or would not, lead to materially different 
results. : 


1. Distribution of ®; is in accordance to density (sin.c + sin 3 x) and 
according to linkage (sin x —1/3 sin 3 2). 


ee 


a a ae 


So 
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Tt is interesting to note that in equations (10a) and (10c) if 
Gap and Oa- are each 120 deg. and if N, = Nz = N-, that Map = 
Mea = —0.5L. It is interesting also to note that equation 
(1) might apply individually to phases even though a short 
cireuit were not present. In equation (1) if we let L=0, and 
remove the short circuit, the voltages ¢ are replaced by @a, €b, ee. 
Let us now assume, that ia, iz, and i,, are sinusoidal, equal in 
magnitude, and displaced by 120 deg. time phase, then 

(dix/dt) + di-/dt = — (dig/dt), 
(i dt/dt =j2mfIl andd (Mai; dt = E, 
and equation (1) reduces to the familiar form 
Spo? Of) Lat, = 2, (7) 
Or, stated in words, the terminal voltage in any phase with 
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balanced load, is equal to the voltage induced in that phase at 
no load, minus a drop in time quadrature with the current, a drop 
which is usually called the synchronous reactance drop. 

Inasmuch as I have been questioned by Professor Karapetoff 
in discussion of a recent article of the Journau for the use of 
synchronous impedance even as a second approximation, I 
should like him to explain clearly for the benefit of the readers 
of the Journat his position on this subject so far as it is implied 
in his paper. 

R. H. Park (Communicated after adjournment): On the 
second page of his paper in referring to the coefficient of coupling 
between the phases of an alternator, Mr. Franklin states, 

“Thus, for a three-phase alternator, this coupling coefficient 
Was assumed equal to cos 120, or — 0.5. This ideal value of 
coupling is seldom obtained in practise.”’ 

Actually, it may be shown that for a symmetrical three-phase 
alternator the numerical value of the mutual inductance M be- 
tween phases must be less than the self inductance L per phase, 
thatis,L + 2M > 0. 

For suppose the alternator of Fig. 11 herewith to be used as 
a transformer, power being supplied to Phase 1 as the primary and 
taken from Phase 2 and 3 in parallel as the secondary. 

The statement of Kirchoff’s law is for the primary, 


3 diy Md (i. +143) _ 
ra +L ae + dt = 61 
and for Phase 2 of the secondary, 
; d v2 Md(is +t) _ 
& rie + Crean + di = €2 


But by symmetry it follows that the currents in Phases 2 
and 3 are equal, that is, 72 = 73. Substituting and rearranging 


gives, 
dix Md (Qi) _ @ 
OTe hor rane dt c 
; L+M d (2%) Mat _ ‘ (d) 
tees dt dt a 
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Since in equation (d) 2 7» represents the total current entering 


the secondary of the transformer, becomes the equiva- 
lent self-inductance of the secondary of the transformer. 

In order that the coefficient of coupling of the transformer shall 
be less than unity, it is necessary that L, L, > M2 where Ly, is 
the primary and L» the secondary self-inductance and M is the 
mutual inductance of transformer. Therefore it follows that 

L(L+ WM) 
2 
I?+LM —2M? = (L— M)(L+2M)>0 
or since M is essentially negative L + 2M > 0. 

N. S. Diamant (by letter): One of the interesting features of 
these papers is the extensive use of the ideas of mutual and self 
inductance and fluxes instead of reactances. There was a time 
when the use of these more elementary notions was not very 
popular and we had to use reactances and impedances. In this 
connection Prof. Karapetoff’s method of dealing with permeances 
is very interesting and should prove useful. After a little prac- 
tice the expressions (7) to (llc) should prove very simple and 
useful in general engineering work. One of the great advantages 
of such expression: is the fact that they keep before us a clear 
mental picture of the underlying physical phenomena. In this 
connection it is very important to remember the meaning of 
K = M?/LyLq. If K =1 then M? = Ly Lq and there is no 
leakage flux between armature and field; this is a condition never 
realized and thus K is always smaller than 1 and K? = 
where o and 7 are the leakage coefficients for the armature and 
field respectively. 

The fundamental treatment of the subject is the same in both 
papers although equations (1) to (4) of Prof. Karapetoff have 
been written in terms of e.m.f. and Mr. Franklin’s equations 
(3) to (6) in terms of flux. For example, translating into English 
equation (1) of Prof. Karapetoff we have: e. m. f., e induced in 
phase A = the e.m.f. of self-inductance of phase A + the 
e.m. f. of mutual inductance of phases B and C + the e. m. f. 
of rotation due to the field flux. Similar to this is Mr. Franklin’- 
equation (113) for a three-phase alternator or the simple equas 
tions (3) to (6). 

Returning to Prof. Karapetoff’s fundamental equations, it 


I, L, = > M? (e) 


(f) 


Ont: 


Fig. 12—Conpirion AssumMED For Discussion 


“may be well to call attention to the fact that the total induced 


e. m. f., e is arbitrarily assumed to be a function of s and to be 
equal to S + A for phase A; S + B for phase B, ete. Then the 
value of sis taken as equal to S at the instant of short circuit and 
a new arbitrary relation involving angle & is introduced in equa- 
tions (26) to (28). 

Translating this statement into mathematical shorthand we 
obtain: 
Lata + Maviv + Meate + Myaty = (Na @ sin wt) ¢-%alt—4) 
for phase A, and similar expressions for the other phases. For 
the field we have: 
Ly tg + Myata + Myo ts + Myc te 

= Ny [ Prssc a (@; ay Drssc ) ear —A)] 

I have used the same notation as Prof. Karapetoff and ¢; or 6 
is the time or the corresponding time angle at which the sudden 
short circuit occurs. 
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All this is very good, but an engineer will do well to keep in 
mind always the physical meaning and interpretation of the 
fundamental equations. Unlike the pure mathematician, when 
an engineer introduces arbitrary functions, he will do well to try 
to understand the physical side of his mathematics. If he does 
not, he will be merely riding through a tunnel, having left the 
light be hind him and he may emerge again into light or he may 
not. Ihave tried to look over Prof. Karapetoft’s paper from this 
point of view of coordinating mathematics with their physical 
meaning and although I had some difficulty in understanding the 
physical meaning of the functions introduced, no doubt this was 
my fault. Prof. Karapetoff with his usual clearness no doubt 


ssc = €..f UWue IO Psee 


fas 


e-e.m.f due to $7 


te, -e.mf. due to vy, 


13—E.M.Fs. 


Fic. aoe ceD BY ConpucTors CUTTING Qssc, 


Pn AND (Dn = Deseo) $C 


has presented the subject thoroughly but it may require more 
study to understand the physical meaning of all the fundamental 
concepts involved. 

There is another very important point to be considered in 
connection with these papers, namely, that they give expression 
for instantaneous and sustained short-circuit currents but none 
for the transient. 

It is simple to obtain the fiaxidleeeea expression whose solu- 
tion will-give the transient currents as well as their initial and 
final values. Consider one of the phases of a three-phase alter- 
nator and suppose that phase No. 1 is at the position indicated 
in Fig. 12 herewith, when the three phases are suddenly and 
simultaneously short-circuited. Assuming a sinusoidal flux 
distribution, the flux inclosed by phase No. 1 at the instant of 
the short circuit will be: 

Na@asinwt; = Ng asin 6; 
where N,%, = maximum flux inclosed by the N, turns of 
any given phase. The flux inclosed by phase No. 2 at the in- 
stant of the sudden short circuit will be N, ®, sin (6; + 2 7/3), 
and similarly for the third phase. 

As is well known, the flux inclosed by any given phase under 
sustained short circuit is a very small fraction of Ng @,. There- 
fore, if it is assumed that the sustained short-circuit. armature 
reaction (a) is wholly demagnetizing (b) and sinusoidally dis- 
tributed like the field flux, and that (c) the armature resistance 
drop is negligible compared to the reactance drop; then a little 
consideration will show that the armature flux under sustained 
short circuit will be zero. Thus the flux linking with phase No. 1 
is Nq $, sin 6;, at the instant of the sudden short circuit when 
! = ti; it is reduced to zero at the end of the short cireuit when 
t =a, and it is (Na, sin wt) e-%a¢—4) at any time ¢ during 
the interval of sudden short circuit, a, being the attenuation 
factor of the armature. Under normal or transient conditions 
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the flux linking phase No. 1 is equal at every instant ‘aah 
induchive flux coming from the field plus the self-inductive | 


the ee nie Compare Karapetoff’s equations (1) t to 
The field flux, which is Ny &; under normal conditions, d 
down to #;; ¢ at the end of the sudden short circuit or at 
beginning of the sustained short circuit; at any time after 
sudden short circuit it is equal to (See Fig. 14) 
Pe = Dyssc ol (@; aa Pfssc) ut ny ; 

where ay is the attenuation factor of the field. Under normake 
transient conditions this flux is equal at every instant to the mutuai 
inductive flux coming from the three phases plus the self-induetiy eg 
flux of the field itself. i 
With reference to Table II in Mr. Franklin’s paper it was ve y 
gratifying for me to see that Cases 3 and 5 act so differently. In 
1915 I had noticed this and in view of my meagre data stated: | 
‘“‘the ease of single-phase short circuits, between two terminals i 
or terminal and neutral, present considerable difficulties; the 
latter seems to give much higher current rushes than a short 
circuit between terminals,’ and as seen from the table the ratio 5 
is 1 to 1-782: 
The,sustained short-circuit phenomena are very interesting and 
particularly the flux distribution is quite fascinating. Asa re- — 
sult of a fairly elaborate investigation I had shown in 1918? that 
the armature current and the e. m. f. waves may be nearly sinu- _ 
soidal but the resultant fiux wave may be extremely distorted 
for the simple reason that with the very low voltages which 
obtain under s.s.¢. conditions the fundamental is so greatly 
reduced that the higher harmonics assume a very predominant — 
role. For example if the field flux consists of: Fundamental, — 
100 per cent; third harmonic + 10 per cent, and fifth reise 
+ 5 per cent, while the armature flux consists of: Fundamental ef 
— 95 per cent; third harmonic, + 10 per cent, and fifth harmonic, | G 
+5 per cent; then the resultant will be: Fundamental, + ; 
per cent; third harmonic, + 20 per cent and fifth harmonic 
+ 10 per cent, — which will bea very distorted wave. 
C. M. Lafoon (by letter): The general method of solutic 
used by Mr. Franklin in determining the magnitude of the 
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Fic. 14—ArrenvatTion or Fienp Frux 
1924 Midwinter Convention of the A. I. E. E. Moreo 
various cases of generator winding combinations and 
cuit conditions are also practically the same. 
The expressions for the maximum or peak values of t 
circuit waves as derived by Mr. Franklin are in general, ; 
as given in my paper. However, there are two features oe fis 
crepancies which it is necessary to call attention to. 
cated in Table II that the peak value of the current in 
a singie-phase short circuit between main terminals isi 
of the width of the single-phase winding belt. The 
2. Sustained Short-Circuit Phenomena and Flux Distributi: 


Pole Alternators, by N. 8. Diamant, A. I. E. E. TRANS 
XXXVII, page 1141. 


3.  Short-Circuits Current of Atternating Garten Genel 
M. Lafoon, A. I. E. E. Jounnar, August 1924, page 737. 
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; expression for the peak value of the armature current in a single- 
_ phase short circuit is 


4 


5 = 21s Mo 

a . MM? 
Si 

Ly 


Hence in order for the armature current of a single-phase genera- 
tor with any width of winding belt to have a constant ratio with 
respect to a terminal-to-terminal three-phase short-circuit 
 eurrenf, it is necessary for both numerator and denominator of 
the above expression to vary in the same way with respect to the 
width of the winding belt. There can be no question but that 
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Fig. 15—Toran EquivaLrent LeakaGe ReEAcTANCE OF 
ARMATURE AND Firiup Winpincs Comprnep. Axes or Two 
Winpines Corncipe, Sincie-Puase ARMATURE WINDING 


the quantity 2 I; Mo, variesas the sine of the width of the winding 


belt. My analysis shows that the quantity Ly — ; varies 
_ approximately as the sine-square of the width of the winding 
belt. These relations are shown in Figs. 18 and 19 of my original 
A 2 
paper. The general shape of the curve of L. — pe 
 funetion of the width of the winding belt has heen checked ex- 
_ perimentally by (a) locking the rotor so that the axis of the field 
winding coincides with the axis of the portion of the armature 
_ winding under consideration; (b) short-circuiting the field- 
_ winding; and (c) then applying single-phase voltage to the ar- 
mature winding. The test results which were obtained on a 
ae: 6250-kv-a. turbo generator are shown in Figs. 15 and 16 herewith. 
_ On this basis, the general relations between the different ar- 
mature currents of a single-phase generator with different widths 
of winding belts are shown in Fig. 5 of my paper. 
= In my paper, the maximum value of the armature current for a 
( three-phase alternator when the short circuit occurs between 
_ terminals as given in Case 10 of Table I is based on the condition 
. _ that the short circuit occurs when the axis of the field. winding 
 eoincides with the axis of the portion of the armature winding 
included between two main terminals. If the short circuit oc- 
curs at the instant when the axis of the field winding coincides 
with the axis of one phase, terminal to neutral, the peak value of 
: ‘maximum current will be the same as in Cases 7, 8 and 9 of 
“my paper and Cases 8 and 9 of Mr. Franklin’s paper. 
ic Karapetoff: In my paper I assume that there is no 
saturation and no salient poles, but, as has been pointed out 
3 by Professor Douglas before this problem is finished, we ought 
. extend the solution to machines with definite poles and 
1achines involving saturation. In the initial short circuit, if 
is saturation in the beginning and the field persists, that 
d will also contain saturation, after the instant of short circeuit- 
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ing. Mr. Franklin points out in his paper that this factor may be 
approximately taken into account by properly modifying the 
values of self and mutual induction. 

Another answer to Professor Douglas is this: When we investi- 
gate the operation of a machine under normal conditions, we 
want to know its characteristics more or less exactly, but in 
the case of a short circuit, the indefinite resistance of the leads 
and of the nature of the phenomenon itself are such that we can 
seek hardly a definite solution, but only a possible maximum. 
So that no such accuracy is required in problems involving 
short circuits as in problems referring to operating conditions. 

Mr. Doherty wishes to know why I start with differential 
equations rather than using directly the condition of constant 
magnetic linkages. One reason is that in most of our problems 
we have resistance as a factor, and for one problem that involves 
no resistance, I probably have a dozen which contain resistances. 
So it seems more natural always to start with Kirchoff’s Law. 
The other reason is this: In a star-connected combination, con- 
stant flux linkages refer to a closed circuit, which, in this case, 
contains two phases in series. Two equations of constant 
linkages may be written, and these equations will contain, say, 
phase No. 1 twice; but phases No. 2and No.3 only once. There- 
fore, the equations are not symmetrical. From a mathematical 
point of view, it is better to have symmetrical equations, and this 
is done in my paper by introducing an auxiliary voltage e. How- 
ever, I grant that it is possible to introduce a fictitious flux @ 
and in this manner keep the flux equations symmetrical. In 
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other words, inst ead of writing the flux linkage equations in th 
form 
>, — 2 2 = Const. 
>, — 2 &; = Const. 
they can be written in the symmetrical form 
2G =G+A 
> hd, = co) + B 
4 DS, ®; = © + G 
R. F. Franklin: The method of solution is, as stated 
in the introduction, the same as that used several times by 
R. E. Doherty in the solution of various kinds of short-circuit 
problems, and by C. M. Laffoon in his recent paper on alternator 
short-circuit currents. However, whereas Mr. Laffoon’s paper 
deals principally with formulas for initial values and a physical 
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interpretation of short-circuit phenomena by the constant- 
linkage method, the present paper gives the derivation of the 
formulas for the instantaneous values of both the initial and sus- 
tained short-circuit currents for all the ordinary alternator 
connections. These formulas will be found very valuable to the 
designer in many problems where a knowledge of short-cireuit 
currents or forces is desired. 

IT am indebted to Mr. Laffoon for calling attention to several 
errors in the table of maximum peak values of initial short-cireuit 
currents (Table II). The wrong ratios were those for the 
single-phase and two-phase alternator cases which should have 
been divided by 2 and +/2 respectively in order to reduce them 
to the bases of constant conductors per inch. This revision has 
been made in Table IJ. The value for the single-phase alter- 
nator Gase (ease 1) depends upon the width of the phase belt as 
also pointed out by Mr. Laffoon. The width of the phase belt 
for the ratio given in Table IT is 180 deg. 


DISCUSSION ON POWER PLANT DESIGN 
and on the paper : 
TRENTON CHANNEL STATION! 
(HiRSHFELD) 
Sr. Louis, Mo., Aprin 18, 1925 

H. W. Eales: Cahokia Station of the Union Electric Light 
& Power Company is on a site of 51.6 acres on the Illinois bank 
of the Mississippi River 34 mi. south of the Municipal Bridge and 
within 214 mi. of the City Hall of St. Louis. There are avail- 
able to it unlimited quantities of cooling water, both rail and 
river transportation for fuel, and unrestricted egress for either 
submarine or overhead circuits of any practicable voltage. Its 
location is, therefore, strategic from both the standpoint of 
economical production and distribution of power. The lack 
of all restrictions on the character of the electrical circuits affords 
all physical opportunity for high-voltage intéreonnection at the 
plant with any other system in Illinois. 

The foundations for the Cahokia plant presented great diffi- 
culties on account of (1) the sand and silt character of the river 
bed, (2) the great variation in river level (43 ft. maximum during 
the year) and (3), the tremendous scouring action of the river. 
During the construction work soundings in the river varied as 
much as 25 ft. overnight. 

The plant has been built upon conerete piles driven under those 
parts of the plant which are normally in the river to within 15 ft. 
of bed rock and to a lesser depth under the boiler house. To con- 
fine the sand about these piles an apron river wall has been 
employed consisting of reinforced conerete interlocking piles also 
driven to within 15 ft. of rock. The plant is on the outside of a 
bend in the Mississippi River so that there is full assurance of 
water supply, but with it an unusual scouring action north of the 
plant. The protection against this requires description since 
it is not all apparent from casual inspection. 

The river bottom was dredged out along the plant apron wall 
to a depth 10 ft. below the intakes and a willow mattress 75 ft. 
in width was then placed on this bottom and loaded down with 
riprap. This mattress extends north on the upstream side of the 
plant for a distance of 250 ft. At this point a substantial perme- 
able dyke or hurdle has been constructed. The outer part of 
this dyke consists of a double row of 80-ft. reinforced concrete 
piles driven so as to have a penetration of approximately 40 ft. 
The portion of these piles above the river bottom were tied to- 


1. A.J.E.E. Jour. July, 1925. When the paper Trenton Channel Station 
was presented informal descriptions of several other plants were also given 
in order to allow comparisons between different types of design. These 
informal descriptions are published herewith as discussion. Information 
on the Weymouth Station of the Edison Electric Illuminating Company of 
Boston, contributed by I. B. Moultrop at this session, is not presented here 
because this station has been described extensively in the technical press 
including the A. I. E, E. Transacrtons, Vol. 42, page 621, 1923, Some 
Engineering Features of the Weymouth Station of the Edison Electric Illumi- 
nating Company of Boston, by I. E. Moultrop and Joseph Pope. 
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gether by heavy slabs or decks of reinforced conerete. A renéw- 
able bar sereen of 114-in. galvanized steel rods was installed 
between the concrete decks along the entire upstream side of the 
structure so formed. Conerete protection work extends shore- 
ward to a point corresponding to average water’s edge. Extend- 
ing from this point up the remainder of the river bank, the hurdle 
consists of wood piles driven in clusters on a batter and also 
laced together with horizontal piles. Substantial amounts of 
riprap were placed around these wooden piles. 

The plant equipment and fundamental operating arrangements 
have been described in Electrical World issues of March 29th, 
1924, and April 5th, 1924, and in January 22nd, 1924 issue of 
Power. The water-treating process is described in an article by 
E. H. Tenney in Power April 22nd, 1924, issue. It is only neces- 
sary at this time to bring the previous descriptions up-to-date and 
perhaps point out the high spots of the arrangement. 

The building is being constructed in unit sections, each section 
more or less complete in itself and each containing two main 
turbine units with corresponding boiler and switechhouse equip- 
ment. Each building section has its own water intakes, the dis- 
charge, however, being common to the entire plant. One dupli- 
cate coal elevator and conveyor system supplies crushed coal to 
the raw-eoal bunkers of two building sections. The car dumper 
is approximately at the middle of four building sections and will 
supply all four. 

At present, two building sections are completed and foundations 
finished for Section ITI; three 35,000-kw. turbines are in operation 
and a 40,000-kw. unit is nearly ready for operation. : 

Two 2000-kw. house turbines are installed in the first building 
section and their electrical connections arranged to extend 
throughout the completed building. One of these units is kept 
in operation continuously to assure local power supply for station 
auxiliaries. Virtually all auxiliaries are electrically driven. Due 
to the use of house turbines in building Section I, the main 
turbines are bled at one point. Due to absence of house turbines 
in building Section II, the main turbines in that section are bled 
at four points. ; 

The boiler house was designed initially for the use of pulverized 
fuel, the pulverizing department being contained in the eastern 
bay of the boiler house. At present, twelve 1800-h. p. boilers are 
in operation at 330-lb. gage pressure. Four similar units are 
now being installed. No air preheaters are used as that term is 
ordinarily understood; no economizers are used, as their instal- 
lation was not justified in view of the relatively low-priced fuel 
used. Natural draft is employed for combustion which requires 
stacks 350 feet above the lowest point of furnace chamber. 
Plant Section I contains eight 6-ton-per-hour coal pulverizer 
mills and one 15-ton unit. Plant Section II contains three 
15-ton mills and one 20-ton mill with one 20-ton mill still to be 
installed. The coal is dried in its passage from the raw-coal 
bunkers to the pulverizer mills by direct contact with some 
of the stack gases of the east row of stacks which is by-passed 
through the dryers for this purpose. The pulverized-coal trans- 
port and burning systems were based upon a storage system of 
pulverized coal. The storage bins above the furnaces have a 
capacity of about eight hours supply for the boilers when run at 
250 per cent rating. The boiler controls are arranged for auto- 
matic operation as far as that is practicable at this time. The 
ashes and slag are dumped into a sluicing system on the bottom 
floor of the boiler house and sluiced out to a sump in the yard, 
where the large slag pieces are screened out by a bar sereen and 
the finer material is pumped out into the river with a dredge 
pump. The slag left in the sump is taken out with a grab oe 
and used on the property for fill and track ballast. The first 
eleven boilers eaeh have a vertical water screen up the back wall 
of the furnace and a horizontal screen across the top of the ash 
pit. No. 12 boiler in addition to the screens above mentioned, 
has fin-tube water screens on the,two sides. Furnaces for boilers 
No. 13 to No. 16 inclusive will be arranged similarly to No. 12. 
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At present, the powdered coal enters the furnace from the top of 
the furnace near the front or ‘“‘firing-aisle’’ side, this coal being 
forced in both by gravity and by primary-combustion air blown 
up from the basement from the ventilating ducts in the ash-pit 
walls. This results in the so-called “lazy combustion.’’ Recent 
experiments in pulverized fuel combustion may result in a radical 
departure on succeeding boilers in the method of entrance and 
combustion of fuel. 


The generation is at 13,800 volts, 60 eyeles, and the switch- 
house,,bus structure is arranged for that voltage. Isolated- 
phase arrangement of oil cireuit breakers is employed with the 
phases separated vertically, the operating mechanisms being 
located on the lowest floor. Remote-control gang-operated 
disconnecting switches are used. 


Power is transmitted to St. Louis entirely by means of sub- 
marine cables. At present, eighteen are in operation. All of 
these cables are 350,000 cir. mil. three-conductor cables and were 
designed for 33-kv. operation. Now, nine are in operation 
at 13.8 kv., four at 28 kv. and five at 33 kv. Six additional 
eables are to be installed this year. Each 13.8-ky. feeder has a 
reactor four per cent at 300 amperes. 

Each eable has its own transformer for stepping up from 13.8 
ky. to 33 ky. and the transformers are located on the river side 
of the switchhouse adjacent to the submarine-cable getaways. 
All transformers are of the forced oil-cooled type. They are 
three-phase type and are special to the extent that they are 
wound for 13.8 kv. delta and 33 kv. zigzag connection. This 
arrangement provides the high-tension neutral for grounding the 
cable system (each neutral being grounded solidly at the trans- 
former) and also permits operation without phase displacement 
from primary to secondary, a condition which was requisite to 
permit parallel operation of 4500-volt distribution from circuits 
of the substation fed at 33 kv. from this station with 4500-volt 
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circuit supplies an automatic railway substation in East St. Louis. 

In the station yard, there is now nearing completion an out- 
door substation to step up from 13.8 kv. to 115 ky. for supplying 
power to a 30-mi. line which extends southwestwardly through 
Illinois to a point opposite Crystal City, Mo., where an overhead 
crossing of the Mississippi River is made. This transmission line 
initially will supply the Pittsburgh Plate Glass Company’s load 
at Crystal City and the distribution system surrounding Crystal 
City and Festus, Mo. The initial load will be about 10,000 ky-a. 
The transmission line has been arranged for operation at 132 kv. 
The step-up plant at Cahokia contains two high-tension. busses 
with two 12,000-kv-a., three-phase self-cooled transformers with 
oil cireuit breaker equipment on outgoing lines, transformers, and 
bus junction position. All disconnecting switches will be motor- 
operated. The operation of cireuit breakers and disconnecting 
switches will be carried out by the station benchboard operator 
by means of a supervisory control system. 


The present plan of power house development provides for an 
ultimate building of four sections. The indications now are that 
turbine units larger than present units will be installed in Sec- 
tions III and IV and that the total station capacity will then be 
about 350,000 kw. The unit plan of building extension provides 
all reasonable flexibility to permit advantage to be taken of any 
advance in the design of switehhouse, turbine or boiler-room; the 
only fixed dimension is in the width of the turbine room. Since 
the turbine shafts are parallel to the length dimension of the 
room, this places no practical limitation on its development. 
The present ground space is sufficient for five building sections of 
the present dimensions. 

The station has had the usual temporary difficulties incident to 
installations while new, but at no time has the pul verized-fuel in- 
stallation caused any interruption in the service from the station. 


The operating results can best be appreciated by a glance at 


OPERATING DATA ON CAHOKIA POWER STATION 
UNION ELECTRIC LIGHT & POWER COMPANY OF ILLINOIS 


Kw-Hr. 
Max. Kw. Generated 
Output Including Kw-Hr. Kw-Hr. Bates Circulating B. t. u. 
Main House Station Net Per Net Water Coal as 
1924 Units Turbines Use Output Kw-Hr. Temp. °F. Received 
Jan. 40,000 15,129,000 1,625,800 13,503,200 19,310 32 10,959 
Feb. 45,000 16,712,000 1,536,100 15,175,900 17,579 35 10,831 
Mar 45,000 24,034,000 2,110,800 21,923,200 17,916 39 11,015 
Apr. 52,000 25,452,000 2,126,400 23,325,600 17,343 53 11,164 
May 60,000 25,546,000 2,041,100 23,504,900 17,408 60 11,018 
June 60,000 25,811,000 2,126,400 23,684,600 17,735 72 10,933 
July 60,000 26,536,000 1,631,800 24,904,200 17,802 76 10,928 
Aug. 62,000 27,877,000 1,726,200 26,150,800 17,951 79 11,016 
Sept. 64,000 28,866,000 1,643,900 27,222,100 17,403 69 10,787 
Oct. 69,000 32,084,000 1,796,800 30,287,200 17,224 62 10,783 
Noy. 80,500 33,481,000 1,816,400 31,664,600 17,290 49 10,793 
Dec. 94,000 39,856,000 2,142,500 37,713,500 17,093 35 10,771 » 
1925 
Jan. 93,000 40,677,000 2,110,225 38,566,775 16,895 32 10,666 
Feb. 91,000 35,847,000 1,846,350 34,000,650 16,910 36 10,751 


circuits of substation fed at 13.8 kv. from the company’s Ashley 
Street, St. Louis Station. Three transformers for the tie lines to 
Ashley Street Station are of 12,000-kv-a. capacity and all others 
7500 ky-a. 

Power transmission from the station to Illinois lines is by means 
of overhead circuits. The major supply to the City of East St. 
Louis is over two 33-kv. circuits through two three-phase 12,000- 
ky-a. self-cooled transformers units in the station yard. These 
transformers are connected in exactly the same manner as the 
transformers for the submarine cables. One 13.8-kv. overhead 


the accompanying table which indicates the performance and 
output of the station from January 1, 1924 to March 1, 1925. 


E. H. Tenney: The cost of preparation of pulverized coal 
at Cahokia during the past year, including all costs from the 
receipt of coal in the yard to the removal of ash from the ash pits, 
and also including power for driving the necessary auxiliaries, 
was 33.58 cents per ton. Of this the handling and preparation of 
raw coal was6 cents per ton; the drying, handling and preparation 
of powdered coal 19 cents per ton, and power for all purposes 
8.58 cents per ton. 


The power required for handling coal was figured less space variable-speed essential auxiliaries, and single-pass condense 


as follows: 


Kw Hr. 
per Ton 
Unloading, conveying and crushing.......... 0.4 
Power for dryer fans)? ... .:he- cee he see 2.66 
Mills: and millifans. 2203.0 ee eee 16.15 
ATT GOMIPECSSOLS. 2e Je ac < ae ee oo eee 6.48 
POPAT Ae ae 25.69 


It is anticipated that these figures will be redueed 4 kw-hr. 
per ton by the use of the 15-ton and 20-ton mills. 

Of course, it will be understood that these are the actual figures 
that pfévailed during the past 12 months and do not take into 
account what the cost might have been had the load factor on the 
equipment been up to its maximum possible figure. In other 
words, it would have been entirely possible to have taken a 
somewhat larger tonnage from these mills, but no adjustment 
whatever has been made in the figures. 

With regard to the operation of the milling equipment at 
Cahokia, tests on the various sizes of mills indicate the following 
performance on the Raymond 6-ton mills: 

Tons pulverized per Nese. reer ree 6.85 
th 
5 


Kaw-hr;, DeEsbOe: sane = a ere eee ee 17.4 
Moisture in coal leaving mill (per cent)....... ep: 
Gas Temp. inlet, deg. F.......... Weed 
Gad -“Temp..outlet, dees Ro. ee 165 


Fineness, 65 per cent through 200-mesh sereen 
On the 15-ton Raymond mills, which have been in operation 
for ten months, the following performance figures taken from a 
test may be of interest: 
Tons per hr 6 
Kw-hr. per ton. 5 
Moisture in coal entering mills (per cent)..... 9 
Moisture in coal leaving mills (per cent)...... 4 
Temp. of gases entering dryer, deg. fahr...... 
Temp. of gases leaving dryer, deg. fahr....... 
Fineness of coal, 66.75 per cent through 200 mesh screen. 
Fuller 20-ton Mill: This has now been in operation about 


four months. Preliminary test showed the following per- 

formance: 
Tons: per hrs. 220. 4 is : earn 23.5 
Kew=hr. oper bolts seer =. eee 14.6 
Moisture in coal entering mill (per cent)..... 10.0 
Moisture in coal leaving mill (per cent)...... 4.5 
Temp. of gas entering dryer, deg. fahr........ 340 
Temp. of gas leaving dryer, deg. fahr... ..... 150 


Fineness of coal, 6214 per cent through 200 mesh sereen. 

The lower gas temperature noted in the dryers of the Fuller 
mills is due to the difference in design of the drying equipment, 
which has resulted in the passing of more gas through the dryers 
to the Fuller mills than is the case with the Raymond equipment. 
Steps are now being taken to readjust the gas volume and 
temperatures with the expectation of increasing the drying effect 
which will result in a higher percentage of extremely ‘fine coal, 
and probably a somewhat lower cost for power. 

One other item that may be of interest is in connection with 
the quantity of air required for transporting powdered coal about 
the station which is now running approximately 1600 cu. ft. per 
ton. 

The lubrication of the milling equipment, which has frequently 
been referred to as an item of expense of some importance, dur- 
ing the past year at Cahokia has been 0.6 cent per ton of coal. 


C. G. Spencer: To make the discussion of Mr. Hirshfeld’s 
paper specific, your chairman has asked that the reasons be given 
for certain differences in the basic design of Trenton Channel and 
Cahokia. He lists as the more obvious, the precipitation of ash 
from the stack gases, the separate preparation plant, the large 
type Stirling boilers fired from both ends, direct current for 
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A brief survey of the controlling factors is necessary to discuss 
these particular po'nts properly. The quality and cost of 
coal normally available at Trenton Channel and at Cahokia, 
represents the factor of widest divergence. Next and perhaps of | 
equal importance is the physical condition of the sites upon which ~ 
the two plants are constructed. Cahokia is located on the East 
bank of the Mississippi to secure a substantial saving on freight 
on coal from the Illinois fields. With this fixed, the proximity 
to the center of the load and due regard for condensing-water _ 
supply and rail connections were the controlling factors. eck 
site selected was 15 ft. below the high-river stage of the Missis- 
sippi, with soil of no bearing value for 50 ft. underlaid by gravel. 

This unusual combination of flood and foundation conditions 
affected the entire design of this plant, since the cost of founda- 
tions, substructure, and waterproofing made projected area 
rather than height the controlling factor in keeping building costs 
down, while at Trenton Channel with a constant level of con- 
densing-water supply and favorable foundation conditions, 
economy was in the direction of an inereased projected area. 

Mr. Hirshfeld makes plain the third major factor controlling 
the design, namely, that Trenton Channel is located near a 
residential district while Cahokia’s surroundings are largely given 
over to railroad yards and industry. 

To take up your chairman’s questions, the preceding paragraph 
explains in a general way why ash precipitation is not required at 
Cahokia. Further, the Cahokia stacks are referred to as the 
cleanest in the St. Louis district. The foundation and water- 
proofing problem is one controlling reason for including the 
preparation plant in the boilerhouse structure. A second and 
equally important consideration is the necessity for drying 
Illinois coal every day in the year, to do which economically 
requires waste-heat dryers located adjacent to the boiler uptakes. 
When the decision for boilers was made three years ago, the bent- 
tube or Stirling type of boiler had not been developed for the 
working pressure adopted at Cahokia. 

Alternating current was selected for all auxiliaries, with the one — 
exception of fuel-feeder motors, with the normal supply from 
house alternators and a secondary supply through transformers 
connected to the station bus as being lower in first cost and ¢com- 
bining the required speed variation with a reliable supply. 


The single-pass condenser does not lend itself to the deep-pit 
construction required at Cahokia by the 40-ft. variation in river 
level. The two-pass condenser, due to local conditions, waslower 
in first cost than the single-pass. 5 i 

This frank discussion is made to clear up certain obvious ques- 
tions that will be asked by those who study Mr. Hirshfeld’s _ 
admirable description of Trenton Channel and who later visit 
Cahokia. This offers an excellent opportunity to stress the fact, _ 
so often overlooked, that local conditions govern station design 
costs and thermal efficiency to such an extent that generaliz 
tions and direct comparisons are not only valueless but danger- 
ous, particularly in the hands of non-technical men. This 
applies to comparisons of station costs on a kilowatt basisand of __ 
thermal efficiency or B. t. u. per kilowatt hour both of which are } 
being published from time to time without the supporting facts — iy 
necessary for a proper interpretation. The real measure of a iA 
design is the cost of the product, the kilowatt hour sent out, with 
all items both fixed and operating included and not applied to the _ % 
initial period of high load factor but over the life of the plant. hk 

E. H. McFarland: Philo Plant of the Beech Bottom Power _ 
Company has many new features which may be of interest. K The 
discussion is mainly on those plants adjacent to large ¢' 
with concentrated load demand of peaking character. Loa 
faetor and interconnections involving use of cable and 
voltages have influenced design. , a 

The recent large plants constructed by the American 
Electric Company serve directly steel-tower high-tens 


connected networks with freedom of interchanges an basic. 
|, 
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obtainable involving a high-pereentage use of plant equipment. 
The Philo Plant for this latter service presents many features of 
novel character as compared with past practise, and but little 
information has been released concerning this plant as we planned 
to advise of achievement rather than expectations. 

At this time the American Gas & Electric interconnected 
system of eight stations (with Philo in service) is 223,000 kw. of 
prime movers and also high-capacity (10,000-kw. to 100,000- 
kw.) interconnections with seven other power systems with 
1,297,000 kw. of generators.. The generating equipment that 
may operate in parallel is 1,500,000 kw. Completion of line 
construction will double these values during 1926. The major 
system is 132,000-volt transmission for the planned service belt 
of approximately 700 mi. extending from the southern part of 
Lake Michigan to southweste:n Virginia, and to the Pennsyl- 
vania line. Philo, about 10 mi. south of Zanesville, Ohio, is 
located central to this activity and at the western edge of the 
southeastern Ohio coal fields. With an abundance of fuel and 
base load obtainable for the plant, the limitation of development 
of the site proves to be condensing water from the Muskingum 
River. Using a 10-ft. difference in water level created by a 
Government navigation dam at the plant site, it has been pos- 
sible to take water from above the dam through the condensers 
and discharge into the lower pool without operating circulating 
pumps during periods of normal river flow, or probably eight 
months in the year. 

A steam pressure of 550 Ib. at the turbines with 725 deg. fahr. 
temperature, this steam in turn to be withdrawn from the tur- 
bine at 150 lb. pressure and reheated to 725 deg. fahr. and re- 
turned to the turbine, was selected as being the most advanced 
practise manufacturers and engineers would endorse in 1922, 
when construction started; this to result in the minimum of 
heat loss to condenser cooling water per kilowatt of installed 
capacity; that is, the maximum conservation of the supply of 
condenser cooling water. This measure has resulted in ability to 
install one-third more generating capacity on the plant site than 
if the lower pressures and temperatures of current bas tise had 
been utilized for the apparatus. 


The local coal fields under certain seasonal market conditions 
have large quantities of screenings for disposal at advantageous 
prices, but such coal fires in a few weeks if stored over 10 ft. deep. 
Asa large yardage of fill was required for plant trackage and the 
high-tension switchyards to raise the elevations above high-water 
level of record, this fill material was excavated at one point and 
the basin formed arranged for an under-water coal storage. 
This, together with dry coal-storage facilities, enables the sue- 
cessful storage of a six-month’s supply of coal at the plant site for 
the estimated ultimate development of around 300,000 kw. of 
capacity. Coal can be received and handled at the rate of 500 
tons per hour by the belt-conveyor installation. 


Forced-blast chain-grate stokers are employed for these vari- 
able lower grade coals averaging 12 per cent to 13 per cent ash; 
7 per cent moisture; 4 per cent sulphur; 10,700 B. t. u. per pound. 
There is approximately 1 per cent loss of coal in the ash. Ashes 
are sluiced to gathering tanks and from there are pumped by 
dredge pumps for fill purposes about the plant property which 
will accommodate this disposal for a great many years in the 
future. 

The boilers arranged for 650-lb. maximum steam pressure and 
750 deg. fahr. temperature have operated well and no difficul- 
ties have been encountered incident to the steam pressures or 
temperatures maintained. The super-heated and saturated pop 
valves have operated in a uniformly successful manner a great 
many times without subsequent leakage at the seats, and we 
observe no difference in the functioning or probable maintenance 
of these parts as contrasted with our experience at lower steam 
pressures. At 248 per cent boiler rating the gas tempera- 
tures at the boiler outlet of 582 deg. fahr. is reduced through the 
economizers to 336 deg. fahr., and on the four boilers equipped 
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with air preheaters is further reduced to a stack temperature 
of approximately 226 deg. fahr. The valves and high-pressure 
piping of seamless tubing with Sargol-welded flange joints 
have in service shown no difficulties worthy of mention. 

Water for boiler feed is given initial preparation by sod-ash- 
and-lime cold-batch treatment, then passed to multiple-effect 
evaporators using steam extracted from the turbines, or exhaust 
from the boiler-feed pumps. All water supplied to the boilers is 
given further treatment of deaeration. Thus far a modest 
amount of blowing down the boilers, once every two weeks, has 
proved adequate. The present make-up demand is about 3 per 
cent for all losses. 


The first of our reheat boilers, (one for each turbine unit) 
has been in service six weeks, reheating the steam withdrawn from 
the turbine to 700 deg. to 750 deg. fahr. This equipment con- 
sists of half of the tube surface of one of the standard boilers, 
above which is placed the reheating surface for the turbine steam. 
This equipment is stokered in the same way as the other boilers 
and without any particular difficulty. The firemen operating 
this equipment control the boiler by observation of the discharge 
temperature of the steam from the reheat section in much the 
same manner as observing a steam gage on a single boiler. 
Should operating contingencies oceur, such as a wide variation in 
load, with corresponding changes in circulation through the re- 
heater element, measures for immediately checking air blast and 
coal feed and reducing the induced-draft-fan speed to its lowest 
running point can be quickly taken and at the same time motor- 
operated doors in the reheater part of the setting may be opened 
to admit cooling air. This functions automatically should the 
turbine under load be tripped out for any reason, and at the same 
time the valve providing reheated steam to the turbine closes. 
During operation a number of varied operating contingencies 
have occurred and the facilities of control in meeting the emer- 
gency have functioned well. In all instances the above measures 
maintained the reheated steam temperature fluctuation within 
5 per cent or 10 per cent of the established value before the con- 
tingeney arose. 

Our 40,000-kw. No. 2 turbine unit was first placed in commer- 
cial service October 14, 1924, and No. 1 unit, February 24, of 
this year. The first reheat boiler was completed and placed in 
service on No. 1 unit March 3, the second reheat boiler is now 
completed and going into service. The elapsed time to April 1, 
since starting the turbines is 4800 hours, approximately six 
months’ service time, during which the turbines have operated 
85 per cent of the period; for 21% per cent of the time they were 
available but not operated for other causes; and for 12 14 per cent 
of the time were idle for adjustments and inspection. During 
the period 90,000,000 kw-hr. have been produced. The turbines 
operate smoothly regardless of load, pressure, temperature, re- 
heat and no-reheat conditions. 


As yet there has been no opportunity to make tests for appara- 
tus economy in accordance with accepted codes for practise; 
however, the complement of station meters of various character 
is quite complete, and to the best of our knowledge and belief, 
at full load of 40,000 kw. without steam extraction the water 
rate of the turbine is 8 lb. per kw-hr. with supplied steam at 
550 lb. gage, 725 deg. fahr. and reheated to 725 deg. fahr. ex- 
hausting against l-in. back pressure. The improvement with 
reheat is about 121% per cent which involves the addition of 
approximately 8 per cent more heat in the steam as against 
operating without reheat. We find the heat input to the turbine 
unit per kilowatt an unusually flat curve over a wide range. 
With temperatures and pressure conditions of supply maintained 
constant and reheating temperature maintained constant, at 
40,000 kw., taking the value as 100 per cent; at 30,000 kw.? the 
heat-input value is inereased 14 per cent per kw.; at 20,000 kw. 
3% per cent, and at 10,000 kw. 151% per cent, all above full-load 
value. The pressure at which reheating is done in this cycle 
varies from 50 lb. at 10,000 kw. to 155 lb. at 40,000 kw. The 
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pressure drop or loss in withdrawing steam from the turbine, 
reheating it and return to the turbine is approximately 5 Ib. at 
full-load conditions. This performance is indicative that for the 
combination at Philo, reheating the steam is a desirable operating 
condition from quarter load to fullload. There is no difficulty in 
operating the reheating boiler in this range. Further, the 
arrangement has merit in meeting load conditions of variable 
character or lower load factor other than at Philo. 

All switching at voltages in excess of 2300 volts is done in out- 
door yards. The transformers to supply auxiliary service from 
the 11,000-volt leads of the turbine are located outdoors. All 
auxiliaries are motor-driven except two spare turbine-driven 
boiler-feed pumps. No house turbines are used, reliance being 
placed_in the auxiliary transformer for each turbine with a com- 
mon spare, and in the four outgoing high-tension lines each serv- 
ing a different section, to provide power for restoring service in 
the event of a total shut down. Aside from serving the auxiliary 
transformers, the generator leads go direct to the raising trans- 
formers located in the outdoor yard and paralleling of generators 
and switching to outgoing transmission lines is conducted on 

32,000-volt outdoor equipment, service from the plant being at 
this one voltage. All motor drives for auxiliary and general 
purposes about the property are arranged to start at full voltage 
without compensators wherever such equipment can be 
employed. 

The end of the main turbine room accommodates a fully 
equipped repair shop for mechanical and electrical equipment. 
Storage facilities and headquarters for personnel are grouped at 
points of maximum accessibility and minimum movement of 
individual or material. 

The overall performance of the plant may naturally be ex- 
pected to improve as construction activities are finally brought 
to a close and the operating conditions and apparatus are tuned 
up. As typical of the present situation, for the week ending 
April 4, with 90 per cent load factor and average turbine load of 
33,600 low., the plant produced a net kilowatt-hour for 14,500 
B. t. u., ineluding transformer losses to the 132,000-volt feeders. 
Auxiliary uses were 4.15 per cent of generated value. As regards 
capital costs, we believe we have expended between $5 and $10 
more per kilowatt of installed capacity than if we had constructed 
the plant according to current lower steam pressure and tem- 
perature practise. 

In conclusion, this plan from the outset has functioned with 
equal or less attendant difficulty than our expérience with other 
work in recent years at lower steam pressure conditions. Our 
Twin Branch plant, located in the vicinity of South Bend, 
Indiana, which is a duplicate of Philo apparatus, is now nearing 
completion and likewise placed its initial equipment in successful 
service with no particular difficulty on April 2. 

KE. L. Hopping: A brief description of some high points in 
the design of the latest plant in the system of the Philadelphia 
Electric Company may be helpful in making studies and decisions 
for future power stations. It must be remembered that while our 
decisions have differed from those reached by some other com- 
panies, the differences are caused by the different conditions that 
we had to meet. Hach plant must be studied as an individual 
problem. 

Richmond Station is one of four large generating stations sup- 
plying current to the Philadelphia Eleetrie Company system and 
is located in the northern section of its territory, on the Delaware 
River. This makes the third plant located on the same river, 
the most southern one being at Chester, about 20 miles distant. 

The location of the plant was determined largely from load 
studies, although the available supply of condensing water and 
the ability to handle large amounts of coal readily were given due 
consideration. In the winter, there is a considerable possibility 
a fone - aie a ' due 2 ice conditions on the river, 

roe all of the coal used in the Philadelphia Elec- 
tric Company system is received by barge, the ability to place 
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coal at the plant must be considered very carefully. Just north 
of the plant, the river conditions are such that ice jams become 
very serious, whereas, south of the plant, or in the direction from 
which coal must be obtained, the river is nearly always open. 


The ultimate capacity of Richmond Station is to be 600,000 
kw. made up of twelve 50,000-kw. units. The station is not yet 
in operation. We expect to have the first two machines opera- 
ting by the end of this year. 


One unique feature in the design is the separation of the plant 
into three distinct sections, each section housing 200,000 \w. 
This arrangement gives a certain amount of reliability which, it 
was felt, could not be obtained if all of the units were in a single — 
building. A break in the steam line in a modern boiler plant 
having high pressures and temperatures would very quickly 
cause a complete shut-down, whereas with the plant divided into 
sections, a break would affect only the section in which it oe- 
curred. Dividing the plant into sections also somewhat increases 
the light and ventilation. 


There are some points of similarity between the design of 
Trenton Channel plant and the Richmond Station, although in 
some there is a radical difference. It may be of interest briefly 
to diseuss these points. 


The use of pulverized fuel versus stokers was carefully con- 
sidered and the stoker firing was finally adopted. Studies 
indicated that, with the use of preheated air, and adding together 
all of the eapital charges, operating and maintenance expenses 
the cost of energy at the bus would be at least as low as with 
pulverized fuel. We believe it will be slightly better. 


Three other factors also had bearing on the decision. First, the 
available coal in this territory is of a very high grade and a poorer 
grade of coal, while costing less per ton at the mine, would cost 
more per kw-hr. because of the added transportation expenses 
required to deliver an equivalent B. t. u. value to the plant. 
Seeond, the question of ash elimination as Richmond Station 
is located in a thickly populated district, it was impossible to 
consider any system where ash or cinders could possibly be dis- 
tributed on the surrounding territory. The ash problem in 
pulverized-fuel installations had not, at the time the plant was 
designed, reached a point where positive assurance could be 
obtained of its satisfactory solution. Third, the necessity of a 
large coal-preparation plant, such as the one at Trenton Channel, 
was considered an added complication to plant operation, as well 
as adding largely to the capital cost. ‘ 


The single-ended Stirling type of boiler was used in Chester and 
Delaware Stations, and has been adopted for Richmond largely 
because of the suecess encountered in the operation of the other 
plants. In stoker firing, the single-ended boiler lends itself to a 
more convenient method of operation, reducing the number of 
firing aisles and overhead bunkers required. With the use of 
economizers which in this ease are two-drum, vertical-tube, and a 
tubular-type preheater, the double-ended boiler could not have 
been used. 


Studies of pressure and temperature made for Richmond 
Station seem to coincide very closely with the results obtained 
by the Detroit Edison Company. These indicated that, after 
considering all of the elements, such as cost, reliability and 
materials available, the most economical pressure and tem- 
perature were around 400 1b. and 700 deg. fahr. The pressure 
adopted at Richmond Station is 375 lb. at the turbine throttle, 
with an average temperature of 675 deg. fahr. 


Single-shaft tandem-compound 50,000-kw. turbines, running 
at 1800 r. p. m., were selected because of the simplicity of the 
entire arrangement. With this type of unit, there is only one 
generator to handle, and a smaller number of bearings than would 
be the case in cross-compound machines. The electrical con- 
nections are somewhat simpler and the basement illumination — 
and visibility obtainable with a single-shaft unit are greater than 
with eross-compound units. The capacity of the unit was de- 
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cided largely on the basis of its relation to the entire system load 
and the size of the plant. 


With circulating water having a temperature variation of from 
32 deg. to 85 deg. fahr., careful studies indicated that the lowest 
yearly cost, after considering carrying charges and operating 
expenses, justified the use of larger condensers of the two-pass 
design. 

The feed-water heating system employed at Trenton Channel 
is very similar to the design for Richmond Station. The princi- 
pal difference is in the arrangement of the condensate and boiler 
feed pumps. In Richmond Station, the condensate pump is 
operated in the usual manner, taking the condensate directly 
from the hot well and pumping it through the eighteenth-stage 
bleeder heater; then through the deaerator-heater condenser and 
liquid heater into the deaerator proper. The deaerator chamber 
acts as a reservoir through which the supply to the boiler feed 
pumps is maintained. 

The high and low water level controls are operated from the 
water level in the deaerator so that if there is more water avail- 
able than is demanded by the boilers, a valve is opened, which 
allows the water to pass to a surge tank. In ease there is not 
sufficient water available for the feed pumps, another valve is 
opened, admitting make-up water into the deaerator. From 
the boiler feed pump, the water is passed at high pressure through 
the evaporator condenser to the twelfth-stage heater. The 
vapor for the heater deaerator is obtained from the fifteenth 
stage. 

Tt was felt that having a separate drive for both condensate and 
boiler feed pumps allowed for somewhat more flexibility and pos- 
sibly reliability of the entire system than would be the case with 
a single drive. At Richmond, the condensate and boiler feed 
pumps are both driven by a. e. 2400-volt motors, the condensate 
pump having a constant-speed motor and the boiler feed pump, 
a variable-speed motor. In the boiler feed system there are three 
pumps provided for each 50,000-kw. unit, one of which is turbine 
driven. This pump is for use only in emergency or in ease of loss 
of current to the motor-driven pumps. The pump is arranged 
to come on the line automatically in ease the pressure of the 
discharge nozzle on either or both of the motor-driven pumps 
drops below a predetermined point. 

The decision to use a-c. rather than d-c. drive for auxiliary 
motors was based on the comparative cost of the two systems and 
the fact that with the d-e. drive, 500 volts would be the maximum 
available, whereas with a-c. drive, 2400 volts can be used in 
practically all cases. 

A good many of the motors are constant-speed and wherever 
variable speed is required, they are within the limits available for 
variable speed a-c. motors. The only d-c. drive used in Rich- 
mond Station is for the stoker motors. On these motors a very 
close regulation over a wide range is desirable and the power 
required in this case did not greatly exceed the requirements for 
emergency service for excitation, et cetera. This allowed the 
use of an emergency system for the stoker drives. 

All of the auxiliary power, with the exception of that required 
for those known as ‘‘essential’’ auxiliaries, is obtained from the 
main station bus. 

Each 50,000 kw. unit has its own auxiliary bus obtaining its 
power through a transformer which is tied in solidly to the 
generator leads and through an oil switch to the unit auxiliary 
bus. This bus operates at 2400 volts and has additional ties to 
the 2400-volt station power bus and to an emergency house 
generator. The house generator is a 2500-kw. turbine-driven 
unit which is used only in emergency. The unit is so designed 
that it can come from a cold condition to full speed ready to 
receive load, in about fifteen seconds. It is arranged to be 
placed on the line by means of a push button from remote points. 
The exhaust from the turbine is piped directly to atmosphere, so 
that no complications would be encountered in opening or closing 
valves. 
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The use of a closed system of ventilation for the generators was 
decided upon after a careful investigation had indicated that the 
system could be installed at a somewhat lower cost, and that the 
generator would be kept in a cleaner condition. 

The return of the heat from the circulating water in this system 
was rejected because of the complications involved in maintain- 
ing a constant supply of circulating water while the turbo- 
generator is operating with fluctuating loads. During the sum- 
mer months, condensate water is too warm to allow for its use and 
at this period the heat must be discarded in any ease. 


A more complete description of the size of the units and the 
arrangement of the plant can be secured by reference to an 
article on this station which will appear in an early issue of 
Electric Light and Power. 


H.R. Woodrow: The Brooklyn Edison generating plants are 
laid out for a different method of operation from that discussed by 
Mr. Hirshfeld. The three generating plants are operating con- 
tinuously in parallel with heavy tie lines between stations. One 
of these stations is 25-cyele and the other two 60-cycle and a 
35,000-kv-a. frequeney changer ties the 25-cycle station to the 
60-cycle system. 

The base load of the entire system is carried on the most 
economical units in the most economical plant which is, at the 
present time, Hudson Avenue Station. It is intended that these 
stations should hold in step during the major number of troubles 
and sectionalizing reactors are very generally used to segregate 
the trouble and limit the value of the short-circuit current. 

For a detailed description of the Hudson Avenue plant and 
system connections of the Brooklyn Edison Company, I would 
refer to the April 1925 issue of the Electric Journal. 

In all cases second-line defenses are provided in the form of 
automatic switches segregating certain groups of feeders in case 
of the main feeder switch failing to operate and each feeder is 
provided with reactors and reactors are installed between sec- 
tions to maintain voltage for high continuity of service under 
disturbance conditions. 

The auxiliaries in the power house are all electrically driven 
with the exception of reserve boiler feed pumps and all auxiliaries 
are provided in duplicate for the so-called essential duties, each 
half of which is supplied from different sources although tied 
together through reactors. 

F. A. Scheffler: J want to compliment Mr. Alex Dow on his 
wonderful “‘sticktoitiveness,’’ you might say, in adhering to the 
design of the type W Boiler that he selected about fifteen or 
twenty years ago to use in the Delray plant of the Detroit Edison 
Company. 

I had the opportunity and great pleasure of working out that 
design of boiler with Mr. Dow, and the results were eminently 
satisfactory in producing a type of boiler at that time which was 
four times the size of any other boiler in the country. I think 
Mr. Dow deserves a great deal of credit for introducing, in this 
country, the large unit type of boiler for public-service stations. 

He has continued to use that type in all of his other plants, 
and, today, I believe they have thirty-five to forty boilers of that 
type operating at from 300 per cent to 400 per cent of rating on 
peaks. 

H. W. Brooks: Many writers on combustion in the past 
have stressed the importance of turbulent flow, agitation and 
mixing in pulverized-fuel furnaces as an aid to the natural 
diffusivity of the burning gases upon which speed of combustion, 
length of flame travel and hence combustion volume depends. 
A practical means of accomplishing this mixing has heretofore 
remained undiscovered. 

Several years ago it occurred to one of the engineers of the Ful- 
ler-Lehigh Company that one of the most intense manifestations 
in Nature of turbulent flow and agitation of gases and particles 
in suspension was in the tornado, where it had been repeatedly 
demonstrated that materials of considerable tensile strength had 
actually been torn apart, disintegrated and reduced to fine pieces 
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and sometimes to powder by the intense centrifugal action of the 
air, Experiments were started at Fullerton on a small furnace 
18 in. square by 3 ft. deep in which the jets were placed to throw 
the flame tangent to a tornado of fire within the furnace, the flame 
of the first jet being deflected before it reached the refractory 
walls by the impingement with equal velocity at right angles of 
the flame from the second jet, the third jet again changing the 
direction 90 degrees, and the fourth jet completing the tornado 
within the pot. Fig. 1 shows in plan, the application both to the 
circular and the square-pot furnaces. 

It was well known that the external walls of the tornado of 
nature had been observed to be rather sharply defined from the 
surrounding air. Thus it was decided to adapt this principle by 
placing the pulverized fuel jets in such relation to the refractory 
walls that there was little, if any, impingement of the fuel tornado 
on the furnace walls. As was anticipated, therefore, the refrac- 
tory walls showed little damage due to erosion, and thermocouple 
temperatures taken on the inner refractory surface of the furnace 
showed that the inner face of the brick never exceeded 2700 to 
2900 deg. fahr. 

It has also long been recognized that the transmission of 
sensible heat from the hot gases from the furnace through the 
tubes of the boilers to the water on the other side was limited 
by the existence at the boundary surface of a “‘dead film,” 
generally assumed to be about 1/40 in. in thickness, of relatively 
cool gas in which convection currents apparently did not take 
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place, and which owing to its low conduetivity offered a high 
resistance to the passageof heat (other than radiant) through it. 
This ‘‘dead film’’ is the main and most potent obstacle to rapid 
heat transmission in the boiler, and it follows that its complete 
or even partial destruction will greatly assist the flow of heat and 
hence the efficiency of the boiler. Prof. J. T. Nicolson of the 
Manchester School of Technology demonstrated a formula 
proving that the heat transfer was a direct function of the velocity 
of molecular travel of gases passing the tubes. Thusit wasantici- 
pated and tests subsequently proved that with the higher 
scouring action of the swirling gases in meeting the boiler tubes 
there would not only be a higher rate of heat transfer and higher 
boiler efficiency, but also a cleansing action which would keep the 
tubes clear of deposited ash. 

Early during the experiments the nature of the ignition and 
combustion taking place in the well, proved quite unlike anything 
experienced pulverized-fuel engineers had hitherto seen in 
powdered-coal combustion. The flame itself resembled that.of a 
blow torch, virtually a “‘ball of fire,’ combustion apparently 
taking place in a limited zone within the well. By regulating 
air admission and air pressure it was possible to move the hottest 
zone into the well itself or to a point just in front of the well. 
Appreciating further the gains due to the more efficient transfer 
of heat by radiant energy as a result of this “ball of fire,’ the 
inventor had still further reason to expect efficiencies higher than 
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had been before demonstrated in pulverized-fuel combustio; ) as 
well as a flatter overall performance curve at highratings. = 

These experiments were kept secret for several years, until 
finally a few of the larger operators were shown the experimental _ 
furnace at Fullerton. Several immediately volunteered to 
install a furnace of the new type, but the results which indicaten 
heat releases many times greater per cubic feet of combustiod 
volume than had ever been accomplished before were so revyo-— 
lutionary in character that the company felt it best to withhold a — 
commercial-seale installation until they had finally and 
thoroughly convinced themselves that no practical operating ~ 
difficulties would intervene. 


Finally on February 5, 1924 an agreement was entered into 
with the United Electric Light and Power Company of New York 
City by which a commercial-scale experimental installation of the — 
new furnace would be made at their Sherman Creek Station 
alongside five other boilers fired by the older pulverized-fuel 
firing methods. { 


The operating company expressed the desire to make the tests 
entirely with their own personnel. Today it is understood these 
tests have been completed. Although full details cannot be 
made publie we are permitted to state that the efficiencies have - 
actually proved approximately 3 per cent higher than with any 4 
other method of firing, and the curve of efficiencies at various ¥ 
ratings has been much flatter than anything heretofore demon- 
strated. pe 
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Fig. 2 shows one of the more recent applications of this furnace. 
It will be noted that above the well there is provided a dispersion 
chamber in which the hot gases after burning are allowed to 
expand before reaching the boiler tubes, thus reducing the tor- 
nado effect to a value which can cause no possible erosive effect 
on the boiler tubes. The theory of this chamber is to allow just 
sufficient velocity to scour off the ‘‘dead film’’ from the boiler 
tubes without going any further inattacking the tubés themselves. 
It is not possible to state at this time the minimum size to which 
this chamber may eventually be reduced. It has definitely been 
established, however, that the combined volume of well and dis- 
persion chamber can be made substantially less than the com- 
bustion space provided in the old-fashioned stoker setting. 
Knowing that we can convert present stoker-fired settings by 


this means, and attain the highest boiler ratings, we have at this - 


time no occasion to go further until the application is extended to 
other services, such as transportation and marine. Fig. 3 shows 
a plan of the water-cooled well as actually applied on the later 
designs. 

Simultaneous with the tests at New York, research has been 


- continued at Fullerton on a furnace consisting of an 8-ft. cube. 


In this furnace the coal equivalent of a 1500-h. p. boiler at 632 
per cent of rating has been burned in the volume of an 8-ft. cube. 

It is felt that the “‘well-type” furnace is a demonstrated success 
and that for the first time in the history of pulverized coal the 
problem of turbulent flow and hence the problem of combustion 
volume has been solved. Not only may pulverized coal be 
efficiently burned in combustion volumes as small as those pre- 
viously employed for stokers but actually smaller furnaces may be 
installed where necessary. For the first time, completely success- 
ful application of pulverized coal to transportation and marine 
service becomes possible, as does also the conversion of present 
stoker-fired furnaces to the advantages of pulverized coal without 
the necessity in many cases of more than slightly modifying the 
present furnace construction. 

H.R.Summerhayes: The voltage selected for the Trenton 
Channel Station is 120,000, and 132,000-volt apparatus has been 
used. That, we might say, iscommendable conservatism, but as 
manufacturers, we think it is unnecessarily conservative. We 
have evidence from experience that the Institute tests are about 
right. We think the equipment would stand 132 kv. and if it is 
to be used at 120 ky. it would seem to us unnecessary to have so 
large a factor of safety. On the Western Coast, we have used 
for 220-kv. circuits apparatus designed for high-potential tests 


: corresponding to 187 kv., which has given good service. 


The next point that I want to comment on is along the lines 
Mr. Woodrow mentioned, namely, that the plants of Detroit 
system are tied together rather loosely, with weak linkage, 
whereas, it is the practise in other large systems to tie the plants 
together rather solidly, using reactors, and J am inclined to think 
that as the plans of the Detroit Company progress they may find 
it advantageous to have a tighter linkage and links capable of 
transferring more power. 


The other point is the old question of direct-current auxiliaries 
and I suppose that will never be settled. It appears that means 
of obtaining direct current, perhaps, cost more and auxiliary 
motors may cost more, but you do obtain very perfect control, 
and I think that the question has yet to be settled as to whether 
the perfection of the control obtained is worth the money it costs. 


K. M. Irwin: It is brought out in this paper that the Detroit 
Edison Co. ties its stations together loosely. This must mean 
that the Delray, Connors Creek and Trenton Channel plants 
take the loads of their particular districts, and therefore, the 
As the Trenton Chan- 
nel plant does not operate as a base-load plant, but operates on 
the load factor of its district, it must have been more difficult to 
justify the cost of equipment than it would have been if this plant 
had operated on the base of the load, and in that way had a higher 
load factor and a greater divisor to divide its investment costs. 
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In the reasons given for the choice of pulverized coal, the 
statement is made that a reduced number of boilers could be 
used with pulverized coal than could have been used with a 
stoker installation. I wonder whether Mr. Hirshfeld has found 
that the limitations in boiler capacity are in the fuel-burning 
equipment. With the type of boiler adopted at Trenton Chan- 
nel, I would believe that the limitation would be found in the 
boilers and not in the fuel-burning equipment. Tests have been 
run on a stoker installation in which ratings have been obtained 
in the neighborhood of 500 per cent without serious falling-off 
in efficiency. I do not believe that these ratings could be ex- 
ceeded in Detroit even with pulverized coal. 


In the list of motors, the 2000-kw. house-generator sets have 
their auxiliaries a-c. driven, and the 4000-kw. d-c. house sets 
have their auxiliaries d-e. driven. It would be interesting to 
know the reasons for the changes of the current for the auxiliaries 
on these house sets. 


Louis Elliott: The recent putting into operation of the 
Philo and Crawford Avenue stations, with the low fuel consump- 
tion reported, makes of particular interest a decision such as that 
made for Trenton Channel,—to install 375-lb. turbines working 
on the regenerative cycle, as against a higher pressure plant 
designed for reheat. 

A recent estimate for a moderate-sized station indicated an 
excess cost for a 650/550-lb. reheat plant, as compared with 
425 /375-lb. of about 7 per cent. With a capacity factor of 60 
per-cent annual, this additional investment would entail an in- 
creased fixed charge around 0.3 mills perkw-hr. If it be assumeP 
that the 550-lb. station would permit a saving in production cost 
equivalent to 10 per cent of the fuel cost, this saving with 10,000 
B. t. u. coal at about 1.1 mills per lb. in the pulverized bins would 
amount to between 0.15 and 0.2 mills per kw-hr. output. 


For this situation therefore the recommendation was made that 
425-lb. boilers be installed, with turbines good for 375 to 400 lb. 
at the throttle. On the above basis coal would have to cost 
nearly double its present price in order to give an equivalent eost 
of energy for the two pressures. Different assumptions as to 
load factor, coal cost, or other factors would of course modify the 
result. In general an expensive high-efficiency installation 
should justify itself for the first few years of operation, for as the 
years go on the reduction in load factor will tend to counter- 
balance any increase in fuel cost. 

Aside from the estimated saving in combined fixed and pro- 
duction cost of energy, the lower-pressure equipment is more 
thoroughly developed and therefore probably more reliable, and 
the 375-lb. regenerative-cycle plant would be simpler to operate 
than the 550-lb. reheat station. The 375-lb. pressure is now 
standard, and it is uncertain as to what the next higher standard 
will beeome,—whether 550, 750 or higher. It is believed that in 
general there should be a considerable saving assured before 
newly developed equipment and designs are adopted. 


It would be of great interest if the author would give the 
expected economy in B.t.u. per kw-hr. output,—with fuel 
available and with load factor as anticipated. A statement also 
as to any estimate of comparative plant cost for the pressure 
adopted as against a 550-lb. reheat plant, and the estimated 
comparative economies would be of great value. 

C. F. Hirshfeld: When I spoke of pulverized fuel as being 
advantageous in that it would enable us to take advantage of 
variable qualities of coal, I did not mean that we could use West 
Virginia coal one day and Illinois coal the next day. Buying as 
carefully as we know how with men who live in the coal fields, 
it is impossible for us to bring to Detroit one grade of coal. 


Some of the coal we get is poorer than the rest. Our stoker= 
fired plants in the past have proven very touchy with respect 
to the grade supplied. If we ean get the grade of coal for 
which the plant was designed, it does very nicely. If we get 
a greater quantity of ash, we lose both in capacity and efficiency, 
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and it was in that respect that we had considered variable quali- 
ties of coal in making this decision. 

Improvements in the manufacture of stokers since the time 
this decision was made (which is several years ago) have greatly 
extended the capabilities of the stoker in this direction. At 
least, some varieties of stoker are not now limited to the 
same extent as they then were. 

In connection with the use of d-c. auxiliaries, I stated quite 
flatly that it was a case of personal prejudice on the part of the 
engineers responsible for the designing of this plant. 

It may be of interest to you to know that the cost of obtaining 
our d-c. auxiliary power, with the separately driven d-c. genera- 
tors, is practically the same as though we took a-c. power from our 
main units and converted it. There is, however, an advantage in 
our d-c. power supply not being tied to the operation or perform- 
ance of our main units. We admit that our investment charges 
are higher but we prefer our system nevertheless. 

With respect to Mr. Sheffler’s comment on boilers, we now have 
forty-four, varying in size from 1250 h.p. to approximately 
3000 h. p. boilers. He was not correct in his statement regarding 
the ratings at which those boilers are operated. The old stoker- 
fired boilers reached limitations at about 200 per cent in some 
cases and 250 per cent in others. The boilers at Trenton 
Channel Station, which are pulverized-fuel-fired have been 
driven to about 350 per cent of rating. In no case in which the 
double-ended or Type W boiler was used has the limit been 
found in the boiler. 

Referring to Mr. Erwin’s discussion, the matter is something 
like this: There is no question but that you could get a stoker to 
give ratings equally as high or higher than obtained in Trenton 
Channel Station. Parenthetically, it is also true that we could 
drive the ratings at Trenton Channel very much higher than those 
obtained. As we saw the problem at the time we designed this 
plant, the rating to which a stoker-fired boiler could be driven 
was dependent only upon the grate area or the area of the stoker 
and the ability to maintain the furnace wall. 

However, we do not believe and we have not yet seen any 
proof that a stoker ean be built which is capable of driving a 
boiler to ratings in the neighborhood of 400 per cent or higher, 
which will give a reasonably high efficiency at those ratings and 


maintain a reasonable efficiency at very much lower ratings. 
In other words, you sacrifice considerably in what you might call 
the combination of flexibility and efficiency when you attempt 


to get a stoker-fired equipment to carry over a wide range of 
rating. Ido not know if the stoker manufacturer is going to be 
able to remove that limitation or not. So far as I have been 
able to obtain proof he has not yet done so. 

Mr. Elliott asked about the performance of this station. 
The station was designed to give a net kilowatt hour, that is a 
kilowatt hour of output, for about. 16,000 B. t. u. when operating 
with an annual load factor of the order of 50 per cent. The 
station has now been in operation, in one way or another, for 
something over six months, possibly eight months, and the 
performance has been improving monthly. Some weekly figures 
have already dropped below 16,000 B. t. u., the value which we 
assumed when we designed the station. We are not able to 
say whether those figures are correct, but the figures that we are 
willing to give you hit close to the 16,000 B. t. u., which was the 
design point and we may do better. 


The cost of preparing pulverized coal is always one of the 
contentious points. I have here the figures for three months, 
January, February and March, the March figures being incom- 
plete. In these figures, we have included every item of operating 
cost for coal handling and preparation from the time when the 
coal finds itself in the track hopper and until it finds itself in the 
pulverized-fuel bunker, ready to be fired into the boiler furnace. 
We have included all labor costs, both operating and mainte- 
nance, We have included all power, we have included all steam, 
both the steam used in drying the coal and the steam used for 
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heating the preparation house and you will notice that this,was : 
We have ineluded all — 


The figure — 


during the two severe months of the year. 
operating material and all maintenance material. 
runs at approximately 80 ¢., pulverized, during January and — 
February. In January, it was 29.14c. In February, it was 


30.36c.—the increase in February being due to the fact that — 
maintenance was quite a bit heavier in that month than the — 


preceding month. 

To make these figures of real significance, I should say this: 
They are obtained from a plant which is using small pulverizing 
mills, nominally six-ton mills. They are obtained on a prepara- 
tion house which is designed to handle exactly twice the amount 
of material that is now being handled. The labor used will be 
the same when handling twice the material as it is now. The 
maintenance will, of course, goup. As near as we ¢an estimate, 
if this plant were used to capacity and all the charges were made 
as they have been outlinéd, the figure for preparation would be a 
little under 22c¢. per ton. In charging steam and in charging power 
in these figures, we have used cost of steam and cost of power as 
actually shown on our books for steam sent out from the boiler 


room to the turbine room, and for power sent out over the lines : 


to our customers, so that we haven’t either overloaded or under- 
loaded those items. 

With respect to Mr. Woodrow’s and Mr. Hays’ discussions, 
in which they refer to our, let us say, loosely linked system, I 
believe that we may ultimately come to a more tightly linked 
system. We have followed the other method principally for 
three reasons. In the first place, it fitted our conditions ideally. 
In the second place, we were fairly sure that it would work, and 
experience has shown that it does work moderately well. Third, 


we did not like to contemplate the cost of reactors and places in 


which to place them and all the trimmings that go with them. _ 

I believe it was Mr. Erwin who worked around from that 
loosely linked system to the conclusion that our Trenton Channel 
plant, which is our most efficient, could not be used to the best 
advantage. Toa certain extent, that is true, but only to a very 
limited extent. Immediately adjacent the Connors Plant and 
the Delray Plant there is sufficient load to load the plant prop- 
erly. Trenton Channel can obtain quite enough load to operate 
as near base load conditions as we care to approach by supplying 
the so-called down-river industrial load, that part of the indus- 
trial load that it ean pick off from the Western side of the City 
of Detroit; such load, very largely industrial, which can be ob- 


tained in the outlying district, combined with such industrial — 
load as can be obtained through feeding back into the city from - 


the 120-kv. bus or trunk referred to in the paper. So our 
loose linkage has very little effect on our efficiency. On the 
other hand, it is not the policy of our company to load up its 
new plants at the expense of its older plants. It pays us, or at 
least it has paid us in the past to go a certain distance in that 
direction, but not as great a distance as has been proven advisable 
in other cases. 

As Mr. Brooks was describing his new furnace, it passed 
through my mind that if one could use a small furnace but had 
to add to it a large mixing chamber, it did not make a lot of 
difference since you ultimately used the same number of cubic 
feet as you do with the older designs. I can’t see that there is 
much choice. Mr. Brooks rather implied that one could do away 


with that mixing chamber if forced to do so, but I am wondering ~ 


if that furnace were brought too close to the boiler tubes, whether 
you would not carry up so much fused ash as to put the equip- 
ment out of commission very quickly. I do not believe the 
manufacturer has had sufficient experience with the device to be 
able to answer that question. I followed the tests at Sherman 


Creek very closely, but they were not planned in such a way sh 


that question could be answered by them. 

Mr. Woodrow’s discussion reverts to tight linkage as spat 
loose linkage. He refers to safety devices intended* to re ral 
serially. No matter how you plan you may never be sure 
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that this thing or that thing willreally work. On that account 
we have preferred to cut out all such trimmings and limit our- 
selves to loose ties which would break loose or burn them- 
selves up. 

Mr. Erwin asked me why we used a-c. auxiliaries on the a-c. 
house-service machines. That is due to another one of our 
“hobbies.” If we have steam, we can start the a-c. machine 
and with the a-c. machine we can start everything else. We 
felt that if we faced a situation in which we wanted to start that 
little hotise-service unit in a hurry, we wanted to start with the 
minimum of manipulation. The a-c. driven auxiliaries are so 
connected that they come up with the machine and we feel that 
this is the simplest starting scheme we could get. That is why 
we used the a-c. driven auxiliaries with the a-c. house-service 
units. It is not the first time we have used that scheme and it 
has worked very well in all cases so far. 

With respect to de-aeration, we have used in this plant steel- 
tube converters. The natural conclusion would be that we 
should be very careful not to have any more than the minimum 
feasible oxygen content in the water. Our experience in Detroit 
has been that our water is of such a character that we can stand 
More oxygen than is commonly given as the maximum limit 
consistent with reasonable life of steel tubes. Our experience 


“with steel tubes at the old Delray plants leads us to believe what 


I have stated. 

The system at Trenton is built so that there is a surge tank. 
The surge tank is arranged so that it can be sealed with steam 
if necessary, but it is not so sealed now. The water passes into 
the condensers where it is reasonably well deaerated, although 
we have not provided separate deareateing devices. It is too 
early to say whether this system works ornot. Four or five years 
hence we will be able to tell if it doesn’t work. 

With respect to the pressure on the suction of the boiler-feed 
pumps; when we purchased these pumps, we had all the character- 
istic curves modified until we got what appeared to be a combined 
pump unit, which would be safe against flashing at the boiler- 
feed pump suction. Up to date, we have had no trouble from 
that source. We have had a little trouble due to hammering 
of the hot-wellpump. The reason for that is that the pump does 
not have a sufficient head of water above it. We are now at- 
tempting to rectify that and expect to succeed in doing so. 


FREQUENCY MULTIPLICATION! 
* (LinpENBLAD AND Brown) 
Sr. Louis, Mo., Aprin 15, 1925 
E. W. Kellogg: Mr. Brown spoke of getting a wave of 500 
eycles and make it into a 1000-cycle wave with 90 per cent ef- 
ficiency. The story is not complete until we know just what it 


does to the efficiency of the ae supplying the original 


wave. 

W. Rogers: I should like to ask what use has been made of 
this principle in multiplying the ordinary ringing frequency which 
is 16 cycles to 133 cycles for use on composite ringers on telephone 

circuits. 

S. P. Shackleton: I think the answer is that there has been 
no practical use made of it, and the principal reason is, I believe, 
that the frequencies are so low that, to get very great efficiency 
it would require apparatus which would cost more than other 
apparatus available for generating 133 cycles. 

For quite a number of years we did use the fundamental 
ringing frequency of 16 cycles or 20 cycles, whichever it happened 
to be, to operate an interrupter to produce the higher frequency 
That, however, was none too efficient, and recently that has been 
superseded almost entirely either by a motor-generator set or by 
an improved type of interrupter operating from direct current. 

_ W. Rogers: I do not suppose that this is a matter of much 
importance to the telephone companies, but it is of some.impor- 
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tance to the railroads. The telephone company is in a position 
to use the methods described by Mr. Shackleton, because of 
their larger installations and because of the fact that their long- 
distance circuits are numerous and centralized. However, on 
the railroad, we have composite circuits which terminate at points 
where these things are not available. One of our greatest 
troubles is with our composite ringers. Most of us are still 
using the old interrupter, operated from d-c. or 16-cycle ringing 
current, and it has been suggested, and I believe demonstrated, 
that it is possible to take two, or, perhaps, three 47A repeating 
coils and, by saturating the cores of one of them and connecting 
them in a certain manner, change 16-¢y cle ringing current to 
approximately 133 cycles. 

S.P. Shackleton: The only case of which I know where the 
higher frequency, 133 cycles, has been obtained by frequency 
changers of that type has been in Philadelphia, where our 
men became very much interested in that problem. They had 
working for several years, composite ringers supplied by means of 
such a device. I looked over the layout there and I do not re- 
member all the details of it, but I am very sure that if the fre- 
quency changer was made commercially available it would cost 
more than the interrupter which we are now using on our tele- 
phone circuits. 

W. W. Brown: In reply to Mr. Kelloge’s question regarding 
the efficiency of the power supply for frequency multipliers 
load: Itis possible to adjust the frequeney-multiplier circuits so 
that the load is approximately at unity power factor. This is 
entirely feasible in radio-frequency circuits, but uneconomical 
in relatively low-frequency circuits on account of the large kv-a. 
of the condensers required. Multiphase power supply appears 
to be the solution for the relatively low-frequency circuits. 

Another probable radio application of frequency multipliers 
will be in connection with necessary changes to increase the pos- 
sible rate of sending by long waves. In order to improve the 
efficiency of long-wave antennas, the resistance has been de- 
creased to a remarkably low value. The effeet of lowering the 
resistance is to lengthen the time constant of the antenna. A 
low time constant of such an antenna tends to cause distortion 
of signals at high rates of sending. By using a higher frequency, 
the time constant of a given antenna is shortened, which permits 
higher rates of sending. The application then will be in multi- 
plying the entire output from a large alternator for high-speed 
transmission. 

N. Lindenblad: In answer to Mr. Kellogg’s question, the 
primary source is not affected as feed-back effects are prevented 
either by means of tuning or the Alexanderson neutralizing 
transformer. 

In answer to Mr. Roger’s question, it must be understood that 
frequencies obtained by the multiplication method referred to 
are only whole multiples of the fundamental frequency, not 
fractional multiples. 

I agree with Mr. Shackleton regarding the probable high cost 
of the frequency changer for increasing the frequency of 16 
eycles to 133 cycles, unless the demand for such a device is large 
enough to justify the cost of the development work. 


COAL MINE ELECTRIFICATION! 
(W. C. Apams) 
Str. Louis, Mo., Aprin 17, 1925 
Carl Lee: There are afew examples cited in this paper which 
might require amplification or qualification for an engineer not 
familiar with this particular industry. Estimates are made 
showing returns of 6 to 20 per cent on the investment made 
on labor and fuel-saving equipment. Yet the cost in some cases 
runs up to nearly half a million dollars. The ordinary coal 
company would hardly decide to add so much to its capital 
investment for a small return. The normal conditions of coal 
mining are so frequently interrupted by strikes, poor market and 
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competition that the smaller the mine investment the nearer 
the operator can come to breaking even in the long run. 

Without discussing the various points in detail, it might be 
said that this paper emphasizes the fact that in the mining 
industry, which has been so rapidly electrified, it is important 
that the electrical engineering problems be given due considera- 
tion. To do this certainly requires the services of an engineer 
who has had experience in that line. Haphazard decisions will 
likely mean a loss in one way or another, which might be avoided 
by the analysis and recommendations of a properly qualified 
engineer. 

E. J. Gealy: The only correct basis of deciding whether a 
coal-mining company should purchase power or generate it isan 
econemie one as presented by Mr. Adams. All phases of the 
question should be given due consideration. 

If a coal company is not prepared to give its own power plant 
proper consideration and a fair opportunity to operate at best 
efficiencies, it is surely arguing itself into using purchased power. 
Often a coal company will do more to help reduce its power bill 
received from a utility company than it will to help its own power 
plant to operate economically. A power bill represented by cash 
to an outside company is always given more thought than costs to 
operate a mine power plant. Consequently a coal company 
will often do more to centralize its load, operate with a good load 
factor and good power factor when purchasing power than when 
generating its own energy. 

At most coal mines, low-grade fuel is available for use in the 
power plant. This low-grade fuel if loaded, shipped and sold at 
a remote point often represents a loss. In such cases the coal 
company using this fuel in its own plant may rightly credit the 
plant with the amount of this loss rather than charge it for the 
fuel at its selling price. 

Evidence of the fact that a coal-mine power plant ean success- 
fully compete with a public utility is found throughout the coal 
fields. Outstanding examples are the Consolidated Coal Com- 
pany plant near Staunton, Illinois, which sells power to the town. 
Another large coal company in Central Pennsylvania has been 
selling power to a public utility company for years. Such exam- 
ples indicate quite clearly that the advantages are not all con- 
clusively upon one side or the other. Careful and thorough 
consideration must be given the question in all cases. 

I also know of a company which generates most of its own 
power but ties in with the power company which carries the peak 
loads. Thus the load factor upon the coal company’s plant is 
almost unbelievably good. The company has a large pumping 
load most of which is off in the day and on at night. 

Specific examples show that it is quite possible to generate 
power at or near some coal mines. From the tipple of the No. 12 
mine of the O’Gara Coal Company near Harrisburg, Illinois, 
one can see almost directly under his feet the coal company’s 
power plant and also one of the largest publie utility plants in 
Southern Illinois. Again, in Pennsylvania the Glen Alden Coal 
Company generates more power than the public utility company 
in its district. 

However, there is another phase of this question to be con- 
sidered. Many coal companies can effect much larger savings 
from capital invested in machinery used in the mining and 
preparation of coal than by owning their own power plant. 
Obviously a coal company should first consider placing capital 
where it will effect the largest savings or profits. 


Turning to the use of motor-generator sets at coal mines, it 
will be interesting to note that records obtained early last year 
show that 73 per cent of the automatic power-converting sub- 
station equipments furnished by the large manufacturers was 
equipped with motor-generator sets. 

Where considerable induction-motor load exists the syn- 
chronous motor-generator set lends itself admirably for power- 
factor correction. A large anthracite company is now using a 
440-volt synehronous motor on one of its motor-generator set 
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and correcting power factor right where the poor power factor 
originates. a 
W. C. Adams: While an engineer’s natural tendency is to — 
put in equipment to secure the greatest efficiencies, sometimes, 
irrespective of the cost, there is a limit to the amount that should | 
be expended to secure this better operating efficiency which is 
based on the earnings to be derived by such improvements. a 
There is a difference of opinion of the yield required to warrant 
an expenditure. I believe that an investment should yield at — 
least 10 per cent, and for conservative estimates, 15 per cent — 
should be used. a q 
There is a tendency and feeling among coal operators—and 
it is often right—that they should limit their investments in one ~ 
operation to as low a figure as possible, with the thought that they h. 
can secure better returns on their money by other investments 
which may be operations in another field. ' 
Often available capital is limited and it is necessary to sacrifice 
some efficiency to secure the essential features necessary for a — 
successful operation. 


With such a condition, an expenditure of $500,000 for a power — 
plant might not be warranted, even though it would result ina 
yield of from 10 to 15 per cent. However, if such a power plant © 
is dispensed with, it should be certain that a reliable source from 
which to purchase power can be secured. 


Irrespective of efficiencies that may be obtained, the amount 
of capital expenditure warranted for a given operation must be 
based on all the facts covering possible earnings and return of 
investment. To secure the correct answer, a careful study and — 
analysis of the existing conditions must be made and the decision 
must be an economic one. 


PURCHASED POWER AS APPLIED TO PLATE GLASS 
MANUFACTURE! : 
(HARRINGTON) 
Sr. Louis, Mo., Apriz 17, 1925 

Cc. W. Fick (communicated after adjournment): Mr. 
Harrington’s very interesting paper may raise the question of 
why this arrangement of vertical synchronous-motor drive is not 
universally adopted by the plate-glass manufacturers. There 
are some twenty plate-glass plants in this country with a total of 
100 to 125 grinding and polishing machines. Of this number a 
majority must operate for a short time at slow speed at the be- 
ginning of each operating cycle, due to the method of lowering the 
grinder and polishing disks onto the glass. Thus, the synchronous 
motor is eliminated for these eases, unless a frequency changer 
and double bus arrangement is used. 

A wound-rotor induction motor arranged as were the synchro- 
nous motors described by Mr. Harrington would have a power 
factor of between 65 and 68 per cent and would be more costly 
and require more control equipment. 

However, there is no reason why the belts and ropes which are 
at present used on perhaps 75 per cent of these tables, cannot be 
eliminated by the use of horizontal slip-ring motors (as new 
motors are required) of 200 to 250 rev. per min. coupled to the . 
bevel-gear shaft, with a saving of maintenance and power, and 
in some eases of first cost. 

A. L. Harrington: The question has been asked why high- 
tension lightning arresters have been omitted from this substa- 
tion. It was our privilege to be connected with a power system 
having some of the earliest outdoor substations. This system 
was in a locality subject to lightning any day of the year. Al- 
though the original main and substations were equipped with — 
arresters, business increased so-rapidly that it came about that — 
transformers (in some cases) were on hand for new customers but 
no lightning arresters. A comparison was then available 7 
between protected and unprotected stations. Such failures as 
were experienced were never from line to ground but T her — 
from turn to turn or coil to coil in the transformer. Much 
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evidence was present to show that the dangerous disturbances 
were often of low potential but high frequency. In many cases 
results did not seem to justify the cost of lightning arresters. 

With the greatly improved design of some modern transformers, 
we feel that they do not need the assistance of arresters. Re- 
cently these conclusions have been proven true in the Pittsburgh 
territory. but at a lower voltage than the substation under 
discussion. It is possible to add arresters to this job later if 
conditions of actual service seem to warrant them. 


SELF-EXCITED SYNCHRONOUS MOTORS! 
(KostxKo) 
Sr. Louts, Mo., Aprin 14, 1925 

H. Weichsel: The self-excited synchronous motor has, 
during the last few years, forged its way rapidly to the front and 
promises to take a very important part in the lay-outs and de- 
signs of future power plants, distribution systems and consumers’ 
plants. 

Mr. Kostko’s paper on this type of machine is, therefore, to 
_be welcomed, as it deals with the general theory governing the 
different machines which belong to this general class of self- 
excited synchronous motors. 

Mr. Kostko has, in an admirable manner, gone to remarkable 
details in deriving the general locus for the current vector of 
these machines and in doing so has made full use of the principle 
of inversion, which is an extremely useful mathematical tool 
when it is desired to derive the current locus of an electric ma- 
chine which is connected to a supply of constant potential. 
It is to be regretted that this method is not more generally known 
and used, and, therefore, it is to be hoped that Mr. Kostko’s 
elegant application of this principle will help to stimulate the 
general interest in this method of attack for deriving the current 
locus of electric machines. 

Personally, I have been, for a great number of years, anardent 
advocator of graphical methods for the solution of a-c. electrical 
phenomena and, therefore, weleome heartily Mr. Kostko’s 
method of deriving circle diagrams for this type of machine. 

Experience has shown that the circle diagram of a simple 
induction motor has contributed more than any other factor 
to the full understanding of the performance and the interaction 
of the different phenomena which take place in this type of 
machine. The graphical methods readily give an answer to the 
behavior of the machine under most any imaginable operating 
condition. 

The induction-motor circle diagram has also largely contrib- 
uted to the high state of development of the present induction 
motor. The economic savings which have resulted from the 
general application of the induction-motor circle diagram must be 
enormous and no doubt run into millions of dollars. 


There are two kinds of circle diagrams for the induction motor; 
namely, the so-called Heyland or Behrend diagram and the 
Osanna diagram. 

The first-mentioned diagram neglects in the derivation of the 
current locus the influence of the ohmic resistance. The second- 
mentioned diagram considers the ohmic resistance and, is, there- 
fore, of particular interest from the theoretical point of view. 


_ The mathematical derivation of the first-mentioned diagram 
is extremely simple. The contrary is true for the Osanna dia- 
gram. Also, the actual construction and application of the 
Hyland diagram is the simplest possible, while this cannot be 
said for the Osanna diagram. The additional accuracy obtain- 
able by the use of the more complicated Osanna circle over the 
extremely simple Heyland circle is small and often even of doubt- 
ful value. For this reason, the Heyland circle has found a very 
wide field of application, while the Osanna circle is used only for 


special cases. 


% SE 
_ 1. AI. E. E. Journatn, Vol. XLIV, June, p. 604. 


_ Another reason for the general preference of the Heyland 
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cirele will be found in the fact that both diagrams are based on 
certain assumptions, such as constant leakage reactance and 
proportionality between magnetic lines and ampere-turns. 
It is a well established fact that the assumptions are not com- 
pletely fulfilled in practical machines. Why, therefore, go into 
the complication of considering the influence of the ohmic re- 
sistance, which, in the majority of cases, produces a very much 
smaller effect on the current locus than the variable leakage and 
saturation which is found in nearly every actual machine. The 
great popularity of the extremely simple Heyland diagram is, 
therefore, entirely justified. Especially if we consider that by a 
very slight addition to the Heyland diagram, it is possible to 
obtain the exact theoretical performance with due consideration 
of the resistance. 

Similar conditions exist in self-excited synchronous motors. 
The influence of the leakage reactance and especially ohmic 
drop on the current locus is small. 

In actual machines, neither the assumption that proportional- 
ity exists between magnetic lines and ampere-turns nor the as- 
sumption that the reactance is constant is fulfilled. 

In addition to this, there exists a magnetizing effect due to the 
currents under the brushes which cannot be readily considered in 
a diagram. The details of this can be seen in the paper I pre- 
sented before the Midwinter Convention of the A. I. E. E., 1925.2 

The great complications introduced in the derivations of the 
circle diagram due to the influence of ohmic resistance, as well as 
the complications produced thereby in the construction and 
application of these diagrams may quite possibly prove them- 
selves to be so large in comparison with the available increased 
accuracy, that the exact diagram will find only a relatively small 
field of practical application, but it will always be considered as 
a very important feature from the strictly theoretical point of 
view. At least, this would be in agreement with the experience 
of the Osanna circle diagram for induction motors. 

On the other hand, a circle diagram for self-excited synehro- 
nous motors which neglects such minor effects as ohmie resistance 
promises to find a wide field of practical application on account 
of the extreme simplicity of its derivation and construction. 
Its simplicity, similar to the Heyland diagram, makes it further 
extraordinarily easy to understand at a glance the influence of the 
main factors which enter in the design and operation of these 
motors. 

Furthermore, similar to the Heyland diagram, it is possible to 
derive from this simple diagram by relatively simple means the 
performance even under cases where it is desired to con- 
sider the factors which have been neglected in the derivation of 
the diagram. For the last few years, I have successfully used 
in practical design work, such a simplified circle diagram. Its 
derivation is based on the fact that the resultant field in any a-c. 
motor must be constant when constant voltage is impressed on 
its terminals and the influence of the ohmic resistance and 
reactance is negligible. With this assumption as a basis, it 
requires about two lines of mathématical formulas to derive 
the current locus. ; 

Fig. 1, herewith, shows a current locus derived in such a man- 
ner for a machine connected in accordance with Fig. 8 of Mr. 
Kostko’s paper. In this particular case, the ordinates of the 
circle are positive for all load conditions. Therefore, the very 
interesting result can immediately be seen from this diagram that 
a machine connected as per Fig. 8 is unable to operate as a syn- 
chronous generator as long as the field and armature are in the 
motoring connection and the direction of rotation for generating 
and motoring is assumed to be alike. 

Many other extremely interesting conclusions can quickly be 
drawn from such simplified diagrams. For instance, by con- 
structing the diagram for different angles between brush axis 
and field axis, it will be seen at a glance that under idle running 


2. A New A-c. General-Purpose Motor, H. Weichsel, A.I.E.E. 
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conditions the voltage across brushes is not zero when the brush 
axis coincides with the field axis and does not reverse when the 
brush axis is displaced in either direction from the field axis, but 
follows a law given in full lines in the Fig. 2 herewith and does not 
follow the dotted lines, as one is inclined to expect. This 
simplified method of attack lends itself equally well to any 
kind of self-excited synchronous motor. A further discussion 
of the details of the general principle and application involved 
in these simplified diagrams would lead too far on this occasion. 

There are a few statements in Mr. Kostko’s paper which might 
lead a casual reader to wrong conclusions and a few words 
to prevent such pitfalls may be appropriate. 


Mr. Kostko states that any number of coaxial field windings 
connected to different brush sets are equivalent to a single wind- 
ing of the same axis connected to a suitably located brush set. 
This statement might lead to the conclusion that equal perform- 
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ance could be obtained by a machine with one field winding and 
one set of brushes and a machine of equal dimensions but possess- 
ing two field windings and two sets of brushes. However, a 
number of electrical, as well as mechanical reasons, exist wih 
make this impossible and invariably result in a sateen ee 
performance for the machine with two brush and field sets. 

Mr. Kostko’s statement regarding the synchronizing torque 
may leave the impression that the torque existing during the 
synchronizing period is in every respect equal to the torque 
of the machine at synchronous operation. This, however, is 
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not the case under all conditions, but is true just at the theo: 
dividing point between synchronism and slip. At speeds b 
synchronism, the voltage induced in the secondary windings 
to the speed between resultant motor field and secondary v 
ing produces an additional induction-motor torque, as shown in 
my paper already mentioned. : 
There is another very interesting feature which might be 
mentioned in this connection: If the load on a self-exei 
synchronous motor is suddenly inereased, the motor can mom 
tarily develop more than its so-called maximum synchronous 
torque, because a sudden load causes the resultant magiietie — 
field of the motor to fall back suddenly and the velocity of the 
falling-back magnetic field produces, by induction, an e, m. 
on the field winding which strengthens the excitation until the 
field has assumed its final position in space. If the machine hi 
an auxiliary secondary winding for starting purposes, then, — 
under the conditions described, a current is induced in this 
winding also during the falling-back period of the resultant field 
which adds further to the motor torque until such time when the 
field has taken its final position in space. j 
In conclusion, may I state that Mr. Kostko’s paper offers a 
tremendous amount of interesting information and my remarks ~ 
advocating the attack of the problems of these motors on the — 
simplified basis by neglecting ohmic resistance and leakage — 
reactance, are, in no manner, intended to eriticize or minimize 
the excellent work done by him, but are intended to point out — 
that for the purpose of practical application, the simplified — 
method of dealing with the subject will probably find a wider 
field of usefulness for the same reasons which made the Heyland 
circle so much more popular than the Osanna cirele, but from the 
truly theoretical viewpoint, the complete diagram will always” 
remain the most important and the most interesting one. — 
V. Karapetoff: It would be of interest to go over Mr. 
Kostko’s deduction of the cireular locus, using the vector analy- 
sis method.3 With this method, the whole statement of the 4 
problem is first written down in the form of vectorial equations, 4 
and then some of the variables are eliminated by short-cut — 
methods not possible with elementary algebra or geometry. — } 
Let J be a variable current veetor whose locus is a cirele of — 
diameter D passing through the origin. The veetor connecting — 
the ends of the vectors D and I is D — I, a geometrie sub- é 
traction being understood. According to a familiar property © 
of the cirele, the veetors J and (D — J) are perpendicular to each | 
other; hence, in the language of Vector Analysis, ; fig 
(pops =0 mu 
Here the dot between the two factors stands for the sobatiod 4 
scalar product. By definition, if A and V are two vectors, their | 
dot product is te. 
A.B=ABCos (A, B) —@) 


Sinee Cos 90 deg. =O, the condition that two vectors are- 
perpendicular to each other is K a 
AZBi=O : (3). 


Eq. (1) is an application of this relationship to a circle and repre- | 
sents the vector equation of a circle of diameter D passing 7 
through the origin. bs 
I shall now show an application of this method to a very 
simple and well known a-e. locus problem, namely that of a 
constant reactance « and a variable resistance rin series across 
source of constant sinusoidal voltage HZ. It, is required to find 
the loeus of the current J. We have oP; 
E=Ir+a@Q2) ge * 
where j J is a veetor numerically equal to J and leading it in 
phase by 90 deg. Since r is variable, and we want a locus, it 
is necessary to eliminate J r from ieq. (4). The general 


3. See V. Karapetoff, The Use of the Scalar Product of V 
Locus Diagrams of Electrical Machinery; A.I.E.E. Jour AL, 
Vol. 42, p. 1181. A good elementary book on Vector AMialysis is 
Coffin (Wileys). skal 7: ai 
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used in vector analysis is to take a scalar product of both sides 
of eq. (4) with some vector perpendicular to the vector to be 
eliminated. The vector J r isin phase with J; hence both sides 
must be multiplied by (jJ), because (rJ). (j1) =O. The 
_ resultis— 
LB —2G1y). GD =0 (5) 
or, after division by x, 
bie) = GIy). G1) =.0 (6) 


Tt will be seen that eq. (6) is of the form (1) so that the locus of 
(j I) is a circle of diameter E/x. If desired, eq. (6) can be also 
written in terms of J instead of j7. It is only necessary to 
multiply the both factors on the left-hand side by — j, thus 
turning them by 90 deg. The result is 


Ma ae (rc) — 1) .J = 0 (Z) 


It is true that this particular problem can be just as readily 
solved by elementary geometry, but I purposely selected the 
simplest possible case to illustrate the general method. 

V.A.Fynn: Mr. Kostko’s paper is devoted to a very inter- 
esting attempt to develop a general theory of the ‘‘exciting”’ 
system of self-excited synchronous motors so as to secure a basis 
of comparison for the several already known types and for such 
others as further development work may disclose. The paper, 
however, also deals with the subject of synchronization and 
touches lightly on the starting conditions. 

I have been actively interested in this field ever since 1905 and 
took out my first patent relating to synchronous induction mo- 
tors in 1906 (See B. P. 11,298 of 1906). In the last few years 
I have gone over this ground with a fine-tooth comb in an at- 
tempt to discover a polyphase motor with controllable power 
factor which would be generally acceptable. During the process 
I too have analyzed this type of machine along very general 
lines. My experiences in this connection have led me to the 
conclusion that an exhaustive study of the ‘‘exciting’’ system is 
not sufficient, that the synchronizing torque is of at least equal 
importance in the case of self-excited, and of even greater im- 
portance in the case of separately excited, synchronous induction 
motors, and that the asynchronous performance of such ma- 
chines is almost as vital if a proper basis for the comparison of 
various types is desired. 

It has long been the practise to speak of the unidirectional 
ampere-turns on the secondary of a synchronous. motor as 
“exciting’”’ ampere-turns, Mr. Kostko does so in his paper, I have 
often done so myself, but the fact is that said ampere-turns do not 
always contain real exciting ampere-turns and do always carry 
something else. The term ‘‘excitation’’ conveys to one’s mind a 
picture of the usually few ampere-turns necessary to produce the 
resultant motor magnetization and with this picture in mind 
one is very apt to form an entirely wrong conception of the dimen- 
sions and practical significance of the commutator of a synchro- 
nous induction motor and of the difficulties met with by the 
designer of such machines. The fact is that the unidirectional 
ampere-turns on the secondary of a synchronous motor are 
always at least equal to tke load ampere-turns, sometimes to 
load plus exciting and mostly to load plus over-exciting ampere- 
turns. At a certain value of lagging power factor, the secondary o 
a synchronous motor carries exactly that number of ampere- 
turns as is carried by the secondary of a non-synchronous in- 
duction motor under like conditions. At such time all the 
exciting ampere-turns are carried by the primary, as is the case 
in non-synchronous induction motors. When a synchronous 
motor operates at unity power factor then its secondary carries 
the vectorial sum of load and exciting ampere-turns. For 
leading power factors its secondary carries load plus over- 
exciting ampere-turns. The result is that the commutator of a 

* self-excited synchronous or synchronous induction motor carries 
working plus exciting or plus over-exciting current. - Such a 
commutator must necessarily be large and if anything happens to 
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it or to its cooperating circuits, the machine is put out of 
commission. * 

We ought not to speak of the secondary ampere-turns of a 
synchronous motor as “‘exciting’’ ampere-turns. 

In the fifth paragraph of his paper Mr. Kostko says that 
synchronization is accomplished by the synchronous torque— 
strictly speaking, by a torque which later becomes the syn- 
chronous torque. This is true of all the earlier forms of syn- 
chronous or synchronous induction motors but is not necessarily 
true of all synchronous motors. Some of the several motors of 
this type which I have invented depart from this rule as I have 
shown in a paper read February 27th last before the Columbus 
Section of the A. I. E. E. and elsewhere. 

In the same paragraph Mr. Kostko states that in separately 
excited synchronous motors the synchronizing torque is alterna- 
ting. This used to be so but I have devised separately excited 
motors with strictly unidirectional and pulsating torques and 
others with even strictly constant synchronizing torques with 
quite a variety of synchronizing-torque configurations in between 
these limits to choose from, see ““Engineering”’ February 20, 1925 
and a paper presented to the Schenectady Section of the 
A. I. E. E. on March 27, 1925. 

Just for the sake of historical accuracy it should be stated that 
contrary to Mr. Kostko’s impression as voiced in his paragraph 
6, the first self-compounding synchronous induction motor is 
apparently that of Burge, see B. P. 3227 of 1913, which has two 
secondary windings and two displaced sets of brushes. 

I should like to stress my absolute agreement with Mr. 
Kostko’s plea, paragraph 7, that a thorough theoretical investi- 
gation go hand-in-hand with experimental work and that hap- 
hazard experimenting be avoided. I have preached this doctrine 
for many years, also when connected with a company for which 
Mr. Kostko was working at the time, and I have sucessfully 
practised what I preached. In many eases, including all the 
synchronous induction motors I have invented, I was able to go 
even further and to work out the theory quite completely 
before making a single test, with the result that experimental 
development work was reduced to practically nothing. 

I am bound to disagree with Mr. Kostko as to the opening 
phrase of his ninth paragraph. This statement of his explains 
why he has given such scant attention to the asynchronous fea- 
tures of the motors he has discussed as affected by the several 
arrangements of secondary windings and primary brushes he has 
referred to. My experience is that the effect of the ‘‘exciting’’ 
and synchronizing system on the asynchronous characteristics 
of the machine cannot be so lightly set aside. 

The arrangement of secondary windings and primary brushes 
is now usually used to start, to synchronize and to operate the 
motor. If they are not so used additional windings are necessary 
which inerease the cost and complicate the manipulations, if 
they are so used, then the secondary windings act as induction- 
motor secondaries at starting and their action is modified by the 
voltage appearing at the commutator brushes ineluded in their 
circuits. In many cases this results in a considerable unbal- 
ancing of the several secondary circuits and a correspondingly 
poorer starting performance. To illustrate my point, refer to 
Mr. Kostko’s Fig. 12. At the moment of starting, the brush 
voltage impressed on the secondary 2 leads the voltage generated 
in 2 by the synchronously revolving motor flux by 90 deg., 
whereas the brush voltage impressed on No. 1 lags by that 
amount behind the voltage generated in No. 1. 

But of far more consequence is the influence of the configura- 
tion of the synchronizing torque on the asynchronous perform- 
ance of the machine upon a torque demand which exceeds the 
maximum synchronous torque. As a specific example take a 
synchronous induction motor provided with the type of “‘ex- 
citation” shown in Fig. 10 and which was disclosed by me in. 
1916, see U.S. P. 1,337,648. Because of the fact that the 
unidirectional ampere-turns on the secondary of a synchronous 
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motor are not “exciting” but really ‘load plus exciting’’ ampere- 
turns, also because these must be accommodated in a single- 
phase as against a polyphase winding as used in non-synchronous 
motors and finally because in addition to the winding carrying 
the unidirectional ampere-turns it is necessary to have another 
closed winding on the secondary to permitsof the motor operating 
asynchronously, it is found that even by using more copper on 
the secondary than in the corresponding asynchronous motor the 
maximum synchronous torque can hardly be made to equal more 
than two-thirds of the maximum asynchronous torque. If the 
motor is to have the overload capacity which the material used 
permits of being developed asynchronously, then part of its 
overload must be taken care of asynchronously. In the ease of a 
motor such as outlined in Fig. 10, the asynchronous overload 
capacity is not practically available because the alternating 
synchronizing torque with unequal positive and negative maxima 
which can be exhibited by such polyphase motors at sub-syn- 
chronous speeds causes their speed to oscillate rapidly under 
asynchronous overload conditions. It is clear that only the 
roughest kind of work will permit of such an irregular motive 
power and such motors are accordingly so rated that their full- 
load torque equals about half their maximum synchronous and 
about one-third of their maximum asynchronous torque. This 
condition is another reason why such motors are very costly. 

In prior publications 1 have shown how this very undesirable 
eondition can be remedied, thus greatly inereasing the weight 
efficiency and therefore reducing the cost of such machines and 
need not again go into this question here, but the condition just 
discussed does show the vital importance of the configuration of 
the synchronizing torque on the weight efficiency of synchronous 
induction motors and clearly suggests that it does not suffice 
simply to study their compounding characteristic if a true picture 
of the relative merits of different types is desired. 

I should further like to point out that Mr. Kostko’s assertion 
in paragraph 14, column two, second page, is true enough in so far 
as synchronizing and synchronous operation is concerned, but 
not true in regard to starting for the reason that if two displaced 
windings are used instead of one only and both are connected to 
the same brush set, the two component windings form a poly- 
phase secondary and make it unnecessary to add a winding on 
this member which will be active at sub-synchronous and 
inactive at synchronous speed. 

That Mr. Kostko’s assertion in paragraph 15 is true, so far as 
it goes, was demonstrated in my paper “‘Another New Self- 
Excited Synchronous Induction Motor.’’4 It clearly appears 
from that paper that Mr. Kostko’s proposition is not true when 
it comes to synchronization. Furthermore, for certain angular 
displacements there is a great practical difference between the 
two types. The single-brush-set type is so touchy for certain 
angular displacements as to be useless in practise, whereas quite 
steady corresponding operation can be had with the two-set type. 

In the last paragraph of Part two, Mr. Kostko states that the 
pulsations of current and torque during the synchronizing period 
are unavoidable whether the axis of “‘excitation”’ is fixed or vari- 
able. This is true for the type with fixed but not true for that 
with variable position of the axis of ‘‘excitation.’’ I have shown 


how such pulsations can be avoided in separately, as well as in. 


self-excited, synchronous motors. 


The motor dealt with under “‘example 1’’ is my 1906 motor; 
not only is the synchronizing torque in this machine “‘very nearly 
alternating”’ but it is actually so and its frequency is double the 
slp frequency as pointed out in detail in my paper “A New 
Self-Excited Synchronous Induction Motor.’’5 

As to the motor discussed under ‘‘example 2,” I gave the com- 
plete circle diagram for this machine in my contribution to the 
discussion of the papers presented at the 1925 Midwinter Con- 


4. <A.I. EB. E.Journat, February 1925, p. 164. 
5. A.I. E. E. Transactions, 1924. 
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vention and have shown that at light loads the primary current 
of this motor lags by nearly 90 deg. behind the terminal voltage, 
that at a certain load this lag diminishes abruptly and is con- 
verted into a lead, after which the lead diminishes steadily with 


a further increase in load and finally. again becomes a lag. It is- 


therefore putting it very mildly to say that the power factor at 
light loads is not as good as can be expected in synchronous 
motors. ‘ 

My investigation of this whole subject has revealed quite a 
number of interesting conditions not apparent from the Kostko 
analysis. Thus when using a phase-displaced system of second- 
ary windings connected to a phase-displaced system of brushes 
on the primary, or more broadly, connected to a plurality of 
voltages which are phase-displaced when alternating, it is pos- 
sible to cause the motor to operate synchronously over a wide 
range of loads and asynchronously at loads below, as well as at 
loads above, said range. It is further possible to cause the axis 
of the synchronous unidirectional magnetization on the second- 
ary to travel in the one or the other direction when the axis of the 
resultant magnetization of the motor moves in a given direction 
as the load of the motor increases or decreases. This leads to 
some very interesting combinations to which I may refer in 
greaterdetail at some later date. One way to secure the change 
in question is to reverse the connections between one of the 
secondary windings and its brushes in Fig. 13. 


On the whole, I must admit that my study of the synchronous 
induction motor has been somewhat disappointing. I feel 
reasonably certain that I have reached rock bottom, having 
devised and carefully analyzed some seven or eight different types 
and worked out a fairly complete general theory which agrees 
with the results of tests, but I have not found any self-excited 
synchronous induction motor which I can recommend as a 
general-purpose motor. My view is that many synchronous 
motors on any one system of distribution are undesirable; 
because of their rigid speed characteristic these machines require 
instantaneous response from the generating set and sudden 
changes in load become so many hammer blows on the system. 
The fact that self-excited motors require slip-rings as wellasa 
commutator and that both of these are in constant use are un- 
deniably practical disadvantages, particularly in view of the 
fact that the commutator carries load as well as exciting currents. 
My conclusion is that synchronous induction machines are much 
better suited for use as synchronous condensers than as motors. 
They are much superior to synchronous condensers with defined 
polar projections now in general use for the reason that no line 
disturbance can put them out of commission which, so. often 
happens with the pronouneed-pole type. Synchronous induction 
machines used as condensers automatically resume synehronism 
under any and all conditions and when so used, ean be located in 
sheltered positions where the slip-rings and the commutator will 
have a chance of operating satisfactorily. 


I believe that conditions are much more favorable in the ease of 
larger, separately excited synchronous induction machines and 
such can no doubt be advantageously used as motors in a number 
of cases. But when it comes to a general-purpose motor I think 
that the solution will be found in a compensated non-synehronous 
machine. 

J. K. Kostko: The inversion is undoubtedly the most 
powerful method of graphical study of circuits yet devised; 
it originated in this country (F. Bedell and A. C. Grehore, 
“Resonance in Transformer Circuits,’ Physical Review, Vol. II, 
1894-1895, p. 451), but it is much better known and more used 
abroad. In a circuit containing no independent e.m.f. the 
current is proportional to the applied voltage; if, for a certain 
phase angle between the current and the voltage, the value of the 
former is I’ for the voltage E’ and I for the voltage H, then the 
lengths of the vectors O EZ’and OI representing H’ and I are 
given by the relation O E’ XOI = EI’. Ifl’ and E remain 
constant, O EH’ describes the locus 1 of the voltage at constant 
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eurrent, while O J deseribes the locus, 2, of the current at con- 
stant voltage; the foregoing relation immediately suggests the 


_ possibility of passing from one locus to the other by inversion (for 


details see Electrical World, Vol. 75, p. 724, 1920). It is usually 
much easier to construct the locus 1 than the locus 2, because, if 
we start from a known current, we can draw a vector diagram 
with correct linear and angular relations between the vectors. 
In practise it is seldom necessary to go through the process of 
inversion; the construction usually can be simplified by making 
use of the fact that the angle between two curves remains un- 
changéd by the inversion. Thus, in Fig. 3 the line A’ X’ is the 
constant current locus of a cireuit consisting of the primary 
resistance rand a variable inductance. Its inverse is the circle 3, 


of diameter . A’ X’and this circle are the loci of points at 


r 
which the power from the line is consumed entirely in the resist- 
ance r. Therefore, at points common to the circle 3, and to the 
loeus of the motor no power is transferred from the primary to 
the secondary. ‘The circle, 3, is zero-power or zero-torque circle. 
It is usually possible to determine the angle between the line 
A’ X’ and the constant current locus 1; it is also the angle be- 
tween the final locus 2 and the cirele 3. Since the latter is fully 
determined by the primary resistance, r, thisangularrelation is an 
important element determining the locus 2. For instance, in the 
polyphase induction motors the locus 2 is normal to the circle 3. 
In a single-phase induction motor it is very nearly normal to it 
(the exact angle can be calculated from design or test data). 
In a polyphase synchronous reaction motor circles 2 and 3 are 
also normal. In asynchronous motor of the type of Fig. 10 of 
the paper the angle between 2 and 3 is equal to the angle of brush 
displacement. If two points A and B are inverse of A’ and B’ 
respectively, and the constant of inversion with respect to the 


c 


————_——., This relation 
OAS «x 0B’ 


origin O is c, then A B = A’ B’ 
can be used in order to represent an element such as ane. m. f. by 
means of a segment in the diagram. The e. m. fs. #, #, and 
#2 of the paper are represented in this way; other examples can 
be found in various publications of the writer. 

Thus, by the use of various geometrical properties of inverse 
figures we obtain a complete graphical representation of the 
performance with its elements shown directly in the diagram. It 
is hardly necessary to insist on the advantages of such a repre- 
sentation, especially in the study of a new motor type, where 
ealeulations should be undertaken only after a clear idea as to the 
useful range of the design constants has been obtained from the 
study of the diagram. 

A diagram in which the zero-torque circle 3 is used is the 
exact one, taking into account the primary resistance. The 
transition to the simplified diagram is easy. If r decreases, the 
diameter of 3 increases; for r = O the circle 3 coincides with the 
axis of abscissas. The feeling against the exact diagram is prob- 
ably due to the fact that the old methods of taking the primary 
resistance into account are extremely complicated in comparison 
with the inversion method making use of the circle 3. An article 


in 1921, Transactions 6 shows how the problem of constructing ~ 


the exact locus of a polyphase induction motor from test data is 
simplified by the use of this method. 

‘Mr. Weichsel’s remark as to the meaning of the equivalence is 
to the point, but a careful reader is not likely to make a mistake 
in this respect because the writer took good care to point out 
in the paper (fifth page, first column) that the torque in the 
diagram comprises the friction and the loss in the exciting ¢ir- 
cuits; the net torque is, therefore, somewhat affected by the 
choice of the exciting system, but not in any definite way. By 


suitable choice of mechanical features, such as the weight of 


6. A.I. E. E. Transactions, 1921. 
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copper, any one of the two equivalent motors can be made either 
better or worse than the other; even in the same motor a change 
of the field copper (leaving the size of conductor unchanged) 
will affect the net torque without in any way affecting the current 
locus. The physical change from one exciting system to an 
equivalent one is affeeted by the structural features of she motor. 
No general rules can be given, but each case must be studied 
individually. 

It would be of interest to ‘‘go over’ my deduction of the cur- 
rent locus using Prof. Karapetoff’s method; but the current 
locus alone is of little value to an engineer. If a comparison 
of the methods is intended, it would be of greater interest to take 
up the problem of the graphical study of the motor from the 
beginning and try to find a solution as general and complete as 
that obtained in the paper; in my opinion this is the only sen- 
sible and fair way of comparing the two methods. The solution 
of Prof. Karapetoff’'s example by the inversion method is as 
follows: let OI’ be the vector of the current J’; the constant 
current locus is a line parallel to O I’ and at a distance x I’ from 
it; the current locus at constant voltage E is the inverse of this 


line, 7. e., a cirele passing through the origin O, tangent to O I’ 
ame EI’ E 
and of diameter ———. = 
oF “i, 


In his discussion Mr. Fynn continuously refers to the features 
of his separately excited motor as contradicting my conclusions 
which are derived for the self-exeited motor. My statements as 
to the latter type are not directly attacked, but expressions such 
as ‘true as far as it goes,”’ ‘‘true enough” etc., are likely to cause 
some doubt in the minds of the readers. It is well to point out 
that there is nothing ambiguous or vague in these statements if 
applied to the motor type for which they have been developed. 
For that matter, they apply to Mr. Fynn’s motor as well, but, for 
the present, I shall confine myself to the type studied in my 
paper, because the experience with this type shows that, with such 
complicated subjects, convincing arguments and a common 
ground for a profitable discussion can be found only in a rigorous 
and impersonal methematical study; and, while I have done 
myself some work on this subjeet, it would clearly be out of the 
question. to take it up now. 

Mr. Fynn’s remark that the study of the exciting system is not 
sufficient, is correct; it is for this reason that I developed in 
the paper not the theory of the exciting system, as he says, but 
the complete theory of the self-excited motor. The synchronous 
(and synchronizing) performance is determined by the constants 
a,b, @, B, r, x, X; the first four determine the exciting system 
and are investigated in detail; the last four determine the main 
a-c. winding. They are used in all vector diagrams for the eon- 
struction of the current locus, but no further study of these ele- 
ments is undertaken because they occur in many well known 
motor types and are quite familiar to the readers. 

Mr. Fynn’s remark as to the large size of the commutator gives 
an impression that it is due to the amount of ampere-turns on 
the secondary. Such is not the case: it should be charged 
mainly against the self-starting feature of the motor, which 
involves a very low exciting voltage, as explained in the paper. 
Mechanically, the commutator must fit the size of the motor, 
but its output is only a few per cent of that of the motor. If we 
could use 150-250 volts for excitation, instead of 15-25, the com- 
mutator would be as small as structurally possible, regardless of 
the number of ampere-turns. The danger of sparking and eir- 
culating currents in a coil of many turns short-circuited in a 
strong field also militates against the choice of a high exciting 
voltage. 

In my opinion Mr. Fynn attaches an exaggerated importance to 
the asynchronous features of the motor as compared to the 
synchronous performance. His remark as to the voltage ap- 
pearing at the brushes at starting is true, but he overlooks the 
order of magnitude of the phenomenon. At starting we may 
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have some 500 induced volts in a field winding, and some 20 
volts across the brushes, of the same frequency and added vee- 
torially. An unbalance which may be caused by these 20 volts 
in the two phases of the secondary is really a small matter, the 
more so because the winding of a self-excited motor is usually 
made ‘stronger than that of the induction motor in the same 
frame. so that there is a margin for a slight reduction of the asyn- 
chronous torque. If this unimportant action of the brushes be 
disregarded (or simply avoided by disconnecting the brushes at 
starting then the windings of the secondary should be designed 
(1) as a part of the exciting system, and (2) as a secondary of an 
induction motor. Plan (1) is extensively studied in the paper; 
but, as Mr. Fynn puts it, only a scant attention is given to 
plan (2), because it was not intended to take up here matters 
pertaining to the induction-motor design, important as it is. 

That synchronization is accomplished by the synchronous 
torque is admitted by Mr. Fynn, at least for the motors studied 
therefore, all parts of the paper dealing with the 
synchronous performance, i. e., practically the entire paper, can 
be considered as dealing with the synchronizing torque. It is 
rather strange to read Mr. Fynn’s admonition that “it does not 
suffice simply to study their compounding characteristics... .” 
ete. 

With reference to Mr. Fynn’s remark about a motor with two 
displaced windings connected to the same brush set: I never 
said that the equivalence of the synchronous and synchronizing 
operation also means the equivalence of the starting features. 

All the motors shown and described in Mr. Fynn’s paper 
‘“‘Another New Self-Excited Synchronous Induction Motor” are 
fixed-axis motors, equivalent to the type of Fig. 10 of my paper, 
with respect to synchronizing as well as the synchronous opera- 


in the paper; 
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tion. If the constants of a motor are changed, for instance’ by — 
reconnecting field windings, as described in Mr. Fynn’s paper, we 
have not one, but several distinet motors, and to each of them 
the principle of equivalence to the motor of Fig. 10 applies in full. 

In the example 1, Fig. 6, the locus 2, Fig. 7, is normal to the 


circle of zero-torque 3, of radius ——; the torque ata point of the j 


E 
27 

locus is measured by the distance of this point from the chord 
DC (not shown). Due to the curvature of the cirele 3 the pesi- 
tive maximum of the torque is somewhat less than the negative; 
hence the expression “‘nearly”’ alternating. Only if ris neglected, 
the circle 3 coincides with the axis of abscissas and the torque 
becomes truly alternating. 


The variation of the lag of the current in example 2 ean be 
followed in Fig. 9. In practise the motor would not be as bad as 
it appears, because, on account of losses, the no-load point will 
be nearer to the origin than D-C-K, and the transition to the 
lead will oceur at a very light load. 


The interesting conditions mentioned by Mr. Fynn ean ie 
found in the paper; the one which is really important is given 
quite 4 prominent place in the chapter on synchronizing. I 
refer to the motor which has minimum as well as a maximum 
torque at synchronism. The analytical conditions are given on 
the bottom of the fifth page. The current locus of such a motor 
has no common points with the zero-torque cirele 3. If the 
constants are such that its radius is small or vanishes, as in 
examples 3 and 5, the pulsations of the torque and of the eurrent 
are also small or vanish. The travel of various fluxes ean readily 
be followed on the constant-current loeus 1. 


Developments in Electrical Machine Design 


By Committee on Electrical Machinery* 


Bee past year has shown a marked advancement in 
the art of electrical machinery, not only in the 

successful starting and operation of machines 
larger than any ever built up to this time, but also in the 
purchase and partial completion of machines still greater 
in size. Accompanying the trend towards larger sizes 
of units, there has been much investigation along the 
lines of ventilation, insulation, mechanical strength of 
materials, losses in iron and copper, the effect of ex- 
pansion and contraction on the insulation of long arma- 
ture coils, balance of the moving parts and the 
dissipation of heat from flat surfaces. 


New applications of electrical machinery have been 
made in various industrial lines and transportation. 
The design of an electric locomotive having d-c. motors 
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and operating from a-c. feeders was adopted. Diesel 
electric drives have been applied to locomotives in 
sizes heretofore not attempted for this type of drive. 


TURBO-ALTERNATORS 


During the past year a number of 50,000-kw., 62,500 
ky-a. turbo-alternators were successfully put into opera- 
tion. These machines operate at 1200 rev. per min. and 
represent the largest single shaft generators yet put into 
operation. The large size and weight of the various. 
parts of these machines represent a difficult handling 
and transportation problem. The largest 3600-rev. per 
min. generator yet to be built was successfully placed in 
operation during the year, it being rated at 12,500 kv-a., 
80 per cent power factor. Machines having 60,000-kw., 
60,000-kv-a. ratings, and operating at 1500 rev. per min. 
are under construction. Quotations are being requested 
on 75,000-kv-a., 1800-rev. per min. machines, and | 
83,333-kv-a. cross-compound machines are being 
considered. Ne 

The increasing demand for turbo-alternators of 
larger and larger sizes has necessitated much develop- 
ment on the part of the manufacturers. This develop- 
ment has been along the lines of improvements in 
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construction and improvements in materials for given 
purposes, such as retaining bands of greater strength 
to hold the field end turns in place, iron for stator cores 
having better magnetic properties, decrease in strand 
loss by use of twisted conductors and different ar- 
rangements of coils, and improvements in the me- 
chanical strength of materials which make up the rotor 
to allow higher peripheral velocities. 

The 62,500-kv-a., 0.8 power factor, 1200-rev. per 
min., self-ventilated units installed have rotors weigh- 
ing approximately 200,000 lb., stators, 200,000 lb. and 
the copper in the machine, 41,250 Ib. The stators are 
wound with approximately 40 miles of insulated wire. 
The successful operation of the rotors of these large 
machines has been largely due to many inventions 
made during the past few years in machines and 
machine tools. 

Tests made recently show that the temperature of 
the bare copper in commercial machines insulated for 
12,000 to 14,000 volts is approximately 15 deg. greater 
than the temperature determined by a detector placed 
between the top and bottom coils when the latter is 
. from 55 to 60 deg. above the temperature of the ingoing 
air; also that the temperatures shown by resistance 
detectors and thermocouples are about the same, 
and that the temperatures at the half-way location in 
the slot are approximately two degrees lower than at 
the quarter-way.? 

The problem of self-ventilation is becoming more 
complex with increasing size of machines, which causes 
one manufacturer to recommend the desirability of 
external blowers being used for ventilating future 
machines. In the past, operating engineers have ob- 
jected to the use of external blowers on the ground 
that they are added auxiliaries and therefore an added 
source of difficulties which may lead to shut-downs. 
This manufacturer states that the use of closed-circuit 
ventilation with air coolers, now coming into use, offers 
added advantages in the use of external blowers and 
makes their consideration justifiable at this time. The 
chief advantage of using external blowers in connection 
with recirculating ventilation systems is that the blower 
can be placed before the air coolers and therefore the 
temperature rise in the air passing through the blower, 
due to rotational loss, can be absorbed by the air coolers 
and air supplied to the generator at a temperature some 
five or six degrees lower than possible with self-ventila- 
ting systems. 

In most cases ventilation is obtained by a multiple 
radial system in which the air passes radially in and out 
through the stator core. During the past year there 
were published results of experiments on this type of 
ventilation showing that the air is distributed in 
accordance with a simple hyperbolic or trigometric sine 
law. Knowledge of the balance state of flow when sev- 
eral branches of air meet and divide in a tube, the intake 


and discharge, occurring normally to the walls of the 
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tube, depends on the solution of a system of simul- 
taneous transcendental equations. The total pressure 
required for a certain volume of air per unit time can be 
expressed by hyperbolic and trigometric cotangents of a 
certain argument which contains the geometrital di- 
mensions of the air circuit. Large models of turbo- 
alternators employing different types of ventilation 
were also set up and tested. 

The use of closed ventilating systems has two dis- 
tinct advantages, in that accumulation of dust on the 
windings is practically eliminated and fire can be easily 
extinguished by introducing an inert gas into the sys- 
tem. Several fire extinguishing systems have been 
installed during the past year. These consist of an 
arrangement for injecting carbon dioxide gas into the 
ventilating duct. The arrangement can be either 
manually operated or operated by the differential and 
balance relays used for protecting the machine against 
short-circuited turns or grounds. The results of ex- 
haustive investigation along this line, published during 
the past year, show that the insertion of 25 per cent 
carbon dioxid gas, by volume, into the ventilating 
system will extinguish all flames. 

Some of the inert gases have characteristics much 
better than air for use as the cooling mediums in high 
speed electrical machines with recirculating cooling 
systems. Many gases have been considered but the 
result of much study shows that hydrogen has the better 
properties if explosion dangers can be eliminated. The 
advantages which hydrogen offers for this use as com- 
pared with air are enumerated below: 

Provided air can be excluded, hydrogen is a good fire 
extinguishing medium. The windage losses are greatly 
reduced due to the much lower specific gravity of hy- 
drogen and its high thermal capacity. The tempera- 
ture drop required to transmit heat through various 
parts of the machine is reduced. The temperature 
drop required to transmit heat from the hot surfaces of 
machine to the hydrogen and from the hydrogen to the 
coolers is less causing the hydrogen to return to the 
machine at a lower temperature. 

Results of tests on generators filled with hydrogen 
show that it is possible to carry 30 per cent greater load 
on a machine with the same temperature rise when hy- 
drogen is used as the cooling medium in place of air. 

It would be comparatively simple to make a rotating 
machine hydrogen-tight if suitable shaft packing could 
be developed. Apparently shaft packing is at the 
present time, the largest obstacle hindering develop- 
ment of commercial hydrogen-filled machines. Never- 
theless, this subject is worthy of further consideration 
and study. 

Recent experiments show that there is considerable 
loss in the inactive magnetic parts and active magnetic 
parts of these machines. Miniature turbine-type 
generators were built for carrying out these investiga- 


3. A. I.E. E. Journar, March 1924, ‘‘The Multiple-Radial 
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tions and the percentage losses were found to bear a 
similar relation to those of larger machines. Wood was 
substituted for various inactive parts and the magni- 
tude of losses in these parts determined. Experiment 
showed that there is a high-frequency harmonic flux 
which causes considerable loss in the end structure and 
that these losses bear a relation to the magnetic loading 
of the field. These data together with the results of 
further study which is now being carried on, give rise 
to the hope that the efficiency of future machines will 
be still higher because the nature of losses in heads of 
machines will be definitely known. 

Higher efficiency and lower temperature rises have 
been secured by grooving the surface of the rotor. 


SYNCHRONOUS MOTORS 

A magnetic clutch has been applied to the synchro- 
nous motor allowing the motor to run at synchronous 
speed before the load is applied. By this means the 
motor can start heavy loads with a starting torque as 
high as the pull-out torque of the motor, and synchro- 
nous motors can therefore be used where good power 
factor characteristics are desired but where heavy start- 
ing duty is required. 

The motor consists of a standard synchronous ma- 
chine, having a rotor which is not keyed to the shaft, 
but free to move on a bearing carried by the spider. 
The field member of the clutch is bolted to the spider 
while its armature is fixed to the drive shaft. During 
the starting period, the rotor is brought up to synchro- 
nous speed and the drive shaft remains stationary. 
After the motor field is excited and line voltage applied 
to the stator winding, the magnetic clutch is excited, 
drawing its two halves together and bringing the load 
up to speed. 

This motor has the advantage of being adaptable to 
full automatic, manual, or semi-automatic control. 
It is of sturdy construction, with desirable power factor 
characteristics, high load-starting torque and low 
starting current. 

Another motor has been developed which accom- 
plishes the above purposes in a different way. This 
motor is essentially a synchronous motor but differs 
mechanically from the ordinary type by having the 
stator mounted on auxiliary bearings. When the motor 
is started the rotor remains stationary and the stator 
comes up to synchronous speed. A friction brake is 
provided for bringing the stator to a standstill, thus 
causing the rotor to come up to synchronous speed. 

By this method the relative speed between rotor and 
stator is the synchronous speed of the machine during 
the starting and running periods. In this motor, as in 
the one mentioned above, the starting torque available 
is the pull-out torque of the synchronous motor. 

The other advantages are the same as enumerated for 
the motor above. 

Induction motors have been arranged for operating 
at various speeds by being provided with armature 
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windings which can be connected for various numbers 
of poles, but until recently the synchronous motor has 
been inherently a single-speed machine when the 
frequency of power supply is constant. During the 
past year a synchronous motor has been developed, and 
a 5000-h. p. motor actually built, which has pole 
changing switches for both the stator and rotor wind- 
ings. This machine has pure synchronous motor 
characteristics for both speeds and requires no more 
attention than the ordinary synchronous motor. As 
the first cost of this motor is only slightly above that of 
the ordinary synchronous motor for the low speed, it is 
a practical machine which should broaden the field for 
synchronous-motor application. 


The field poles are constructed so that they can be 
combined in groups of two having the same polarity, 
which gives the effect of one half the original number of 
poles and will therefore cause the machine to rotate at 
twice the speed when the stator winding is reconnected 
for the corresponding number of poles. The poles are 
shaped to compromise between the best shapes for each 
speed. 

FREQUENCY CONVERTERS 


The year just past has seen not only the largest syn- 
chronous frequency changer yet built put into operation, 
but has also seen an induction-type frequency changer 
of the same capacity installed and successfully operated. 
The rating of these machines is 35,000 kw. A second 
induction frequency changer is now being built which 
will be rated at 40,000 kw. unity power factor for 
transfer of energy from the 60-cycle to the 25-cycle 
systems on which it is used and at 38,000 kw. unity 
power factor for transferring power from the 25-cycle to 
the 60-cycle system. This machine will be equipped 
with a phase-shifting device which will operate 
hydraulically. 

The 35,000-kw. synchronous frequency changer — 
rotates at 300 rev. per min. and has shown an efficiency 
of 96.1 per cent under operating conditions. This 
over-all efficiency represents an efficiency of each unit 
better than 98 per cent which is very high for rotating 
machinery. The machine is self-ventilated and has 
very good starting characteristics for a machine of its 
size. The induction frequency changer was put into 
operation with no difficulty and when used in connection 
with tap-changing switches in the air-blast transformer 
and reactors, showed a larger condenser capacity for 
power factor correction at reduced loads than could be 
obtained from a synchronous frequency converter of the 
same rating. 

A new type of frequency converter was developed for 
tying together two systems, the frequency of each being 
susceptible to changes. This type is known as the 
Scherbius—controlled, load-regulating type of set. 
One machine is a synchronous generator and the other 
an induction motor having a Scherbius speed-regulating 
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set. With this arrangement any desired amount of 
load can be delivered in either direction up to the limits 
for which the set is designed irrespective of the relative 
frequencies of the two systems. Two of these sets 
having ratings of 6000 kw. were installed during the 
past year. They form a tie between a 60-cycle and a 
25-cycle system and are designed to operate with a 
total variation in frequency of nine per cent. If the 
60-cycle frequency system is constant, the machine 
rotates at 720 rev. per min., the induction machine 
operating at above or below synchronism depending 
upon the frequency of the 25-cycle system. 


TRANSFORMERS 


The size of transformers installed and put under con- 
struction during the year represents a new high mark. 
Transformers were installed rated at 15,000 kv-a., 
60 cycles, 7200-132,000 volts, three-phase, self-cooled, 
having a 12,470-volt tertiary winding. The efficiency 
of these transformersis better than 99 per cent and they 
have a regulation of 1.1 per cent. Since the largest 
self-cooled transformers constructed up to the year 1920 
were of the order of the 10,000-kv-a., the above units 
represent a new level for three-phase transformers of 
this type. 

Some 22,000-kv-a. single-phase, oil-immersed, water- 
cooled transformers, having 12,000-volt delta-connected 
primaries, and 39,500-volt secondaries, Y-connected 
to give 68,500 volts, were put into operation. These 
transformers do not have output ratings as large as 
other transformers now in service at 60 cycles, but, 
due to the fact that they operated on 25 cycles, the 


quantity of materials used in them was much greater 


than in any transformers of this type yet put into opera- 
tion. Three-phase transformers, rated at 75,000 kv-a., 
have been built in Europe. 

Improvements made in transformer design include a 
new type of ration adjuster switch by which the ratio 
can be altered while the transformer is carrying load. 
Potheads were developed for mounting on the side of 
transformers in order to provide a means for bringing 
underground cable into the transformer without expo- 
sing terminals or live parts. The pothead consists of two 
compartments, one in which the cable terminates and 
another in which disconnect links are provided. The 
lower compartment is filled with petrolatum and the 
other compartment with transformer oil. The con- 
ductors from the three-conductor cable are connected to 
lugs in the pothead which are arranged on the arc of a 
circle to make the reversing of conductors possible 
without splicing. A ground switch is now being 


designed to be located in the upper compartment and. 


controlled remotely from the opposite side of the trans- 
former. This switch will provide a convenient means 
for grounding the feeder connected to the transformer. 

‘A new device has been developed for indicating the 
load on pole-type distribution transformers. This 
consists of two temperature detecting elements, one 
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immersed in the oil and the other mounted in a case for 
detecting ambient temperatures. These two tempera- 
ture detectors are connected in series to a pointer which 
moves by the action of the temperature detector in the 
oil, which movement is modified by the action of the 
detector affected by the ambient temperature. When 
the temperature exceeds a safe value a target shows. 

Several installations have been made of a transformer 
which is filled with nitrogen above the surface of the oil. 
The nitrogen used is automatically obtained from the 
atmosphere by passing the air breathed by the trans- 
former through deoxidizing chemicals. The nitrogen, 
when formed, is conserved by a breathing regulator. 
The presence of nitrogen over the transformer-oil 
surface prevents the formation of sludges, (due to oil 
coming in contact with oxygen in the air), extinguishes 
fire, eliminates secondary explosions caused by mixture 
of the gases with air, and cushions primary explosive 
pressure from the sudden expansion of gases. 

A radiator valve has been developed for use between 
the radiators and tank of large, self-cooling trans- 
formers, when it is necessary to remove the radiators for 
shipment. The valve consists of a tube projected into 
the radiator flange on the transformer tank and has a 
gasketed disk which is held against the end of the tube 
by means of a spring. It is operated by a handle. 
Rotating the handle 180 deg. in the proper direction 
opens or closes the valve. When the valve is open the 
handle may be removed to prevent unauthorized per- 
sons from operating it. 

A new type of dehydrating breather for transformers 
has been developed, consisting of a screen basket sus- 
pended ona spring of large diameter. When the basket 
is filled with the proper amount of calcium chloride the 
spring is compressed and a pointer indicates the correct 
charge. As the calcium chloride absorbs moisture, the 
weight is increased and the spring is compressed until 
the pointer is opposite a refill designation. The calcium 
chloride is isolated from the humid atmosphere when the 
transformer is not breathing by means of check valves, 
and the device is designed so that the calcium chloride 
will not become saturated until after the refill designa- 
tion has been reached by the pointer. 


SYNCHRONOUS CONDENSERS 


During the year, construction has been started on a 
40,000-kv-a., 600-rev. per min. synchronous condenser 
representative of the largest machine of its type yet to 
be developed. 


SPRING SUSPENSION FOR A-C. GENERATORS 


A new method has been developed for preventing the 
vibration of large a-c. generators from being transmitted 
from the stator to the supporting foundation. This 
arrangement consists of a spring mounted in the frame 
of the machine supporting the entire stator. The 


‘development of this device will aid in the successful 


operation of electric machinery in districts where 
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vibration is objectionable, especially in the case of 
single-phase machines which have inherent vibration. 


WATER WHEEL GENERATORS 

The installation of the 65,000-kv-a., 12,000-volt, 
water-wheel generators, at Niagara Falls, has been 
carried on, and the first unit installed has already 
operated successfully for more than a year. These 
machines still represent the largest water-wheel genera- 
tors built up to the present time. Among other large 
water-wheel generators about to be installed are a 
number. of 32,500-kv-a., 12,000-volt machines, 23,160- 
kv-a., 13,200-volt machines, 18,750-kv-a., 6600-volt 
machines, and 19,500-kv-a., 6600-volt machines. The 
size of automatically-controlled, water-wheel generators 
has been advanced to 7300 kv-a. 

SYNCHRONOUS CONVERTERS 

A number of synchronous converters have been 
developed for use in congested metropolitan districts. 
These are completely enclosed on the d-c. end and 
partially enclosed on the a-c. end. For cases in which 
systems of the same or different frequencies are tied 
together through the d-c. side of synchronous con- 
verters, a converter has been developed to incorporate 
special features for successfully withstanding current 
reversals feeding into a short circuit in either system. 


INDUSTRIAL MOTORS 

New lines of single-phase, adjustable-speed, brush- 
shifting motors, having a speed range of two to one for 
constant-torque load have been developed. Single- 
phase, repulsion induction motors, having squirrel- 
cage rotor construction, without centrifugal devices, 
have been extended to include a reversing type capable 
of reversal from full speed in one direction to full speed 
in the opposite direction. Another new development in 
industrial motors is a new line of synchronous motors 
for driving ammonia and air compressors. These have 
double-bar, squirrel-cage windings, giving better con- 
trol of current and torque under starting conditions and 
permitting the motors to be thrown on, full voltage. 
Induction motors of higher speeds with high-reactance 
secondary windings for full-voltage starting, totally 
enclosed motors with a special ventilation for operation 
in inflammable atmospheres and a new type of bearing 
which prevents air from getting into the bearing housing 
and oil from getting out, have been developed. Motors 
with enclosed collector rings have been put on the mar- 
ket for use in oil wells and similar service. 


A NEW SELF-EXCITED SYNCHRONOUS INDUCTION 
Moror® 

The pure induction motor has characteristics which 
differ considerably from the pure synchronous motor. 
Each motor has advantages and disadvantages, the 
advantages of one being lacking in the other. A number 
of motors combining in part the advantages of both 
types of machines have been developed in the past and 
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during the last year, there has been further development 
along this same line. 

A paper was recently published describing a new type 
of motor which has induction motor characteristics 
during the starting period and synchronous motor 
characteristics during the running period, the source of 
excitation when running as a synchronous motor being 
supplied from within the machine. The rotor of this 
motor carries a polyphase winding supplied with power 
through slip-rings and a commuted winding. The 
stator has an exciting winding displaced ninety electrical 
degrees from the axis of the brushes, and a neutralizing 
winding coaxial with the brush axis. Both these wind- 
ings are connected to the brushes through separate 
variable resistances. A third variable resistance is 
inserted across the brushes to ‘relieve the commuted 
winding under severe starting conditions. 

When the polyphase winding is connected to the sup- 
ply lines, a revolving flux is set up which revolves at 
synchronous speed when the rotor is at a standstill and 
is stationary in space when the rotor is revolving at 
synchronous speed. Since the revolving field cuts the 
two stator windings, displaced by ninety electrical 
degrees when the rotor is revolving at a speed less than 
synchronism, currents are set up in these windings which 
give a torque similar to that generated in an induction 
motor. These currents close over the brushes and the 
commuted windings and are regulated by the adjust- 
able resistances which act in a way similar to the ad- 
justable resistance inserted in the secondary of a slip- 
ring induction motor. As the rotor approaches syn- 
chronous speed additional torques are developed by the 


stator windings which pull the motor into step, at which 


time the magnetic field revolving with respect to the 
rotor becomes stationary in space and the brush voltage 
becomes unidirectional, thereby causing the magnetiza- 
tions produced by the stator windings to be 
unidirectional. 

Whenever the torque demand is greater than the 
maximum synchronous torque of the motor, the 
machine will drop out of step and become an induction 
motor in effect, giving the same asynchronous overload 
capacity as may be obtained from a corresponding 
slip-ring, induction motor. As soon as the torque 
demand is sufficiently reduced the machine will again 
fall into step. The motor is compounded to give power 
factor regulation by proper location of the brush axis 
with respect to the unidirectional magnetization of the 
secondary. All windings of the machine are utilized at 
all stages of starting and running. 


A New TYPE oF SINGLE-PHASE Motor’ 
Sometime ago a single-phase motor was developed 
which had series characteristics during the starting 
period and shunt characteristics during the running 
period, but as the motor contained a centrifugal de- 
vice for decreasing the reactance of one of the windings, 
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the motor was never adopted for production. How- 
ever, this motor was a stepping-stone to a new type of 
motor having the same series and shunt characteristics 
and having no centrifugal device. The latter is termed 
the squirrel-cage repulsion motor and had been brought 
out during the past year. 

This new motor consists of essentially a repulsion 
motor with a squirrel-cage winding inserted in slots 
which are located beneath the slots bearing the com- 
muted winding. Since the induction motor winding is 
imbedded deeply in the rotor core, it has high re- 
actance during the starting period, due to the relative 
high frequency of the induced current. However, 
when the speed of the rotor approaches synchronism, 
the frequency of the rotor currents is relatively low and 
the action of the squirrel-cage winding comes into play. 

Since the reactance of the commuted winding is 
inherently low, the current flows mainly in this winding 
during the starting period, and torques are produced 
similar to those of a plain repulsion motor during the 
starting period. At full load the squirrel-cagé and 
commutated windings deliver approximately equal 
amounts of energy. 

Commutation is greatly aided by the action of the 
squirrel-cage winding due to the fact that it absorbs 
the energy which would otherwise cause sparking on 
account of induced electromotive force in the short 
circuited coil. To aid commutation further by absorb- 
ing the energy from the leakage flux which does not 
interlink with the squirrel-cage, a thin sheet of metal is 
inserted radially between the squirrel-cage winding and 
the commutated winding. This metal can be made of 
high resistance on account of the high frequency com- 
mutation and therefore does not materially interfere 
with the distribution of flux during the starting. 

The motor has a very much better power factor, both 
at synchronism and below synchronism, than the plain 
repulsion motor. The commutation is practically 
perfect due to the action of the squirrel-cage winding in 
connection with the metal strips mentioned above. 
The efficiency is also considerably raised by the addition 
of the extra winding. 


A NEW ALTERNATING-CURRENT GENERAL-PURPOSE 
Moror’ 


Another type of a-c. motor has been put on the 
market, which combines the starting characteristics of 
an induction motor with the good power factor char- 
acteristics of the synchronous motor, in a self-contained 


- unit which needs no auxiliary machines for excitation. 


This motor will operate at unity or leading power factor 
and will carry very heavy temporary overload. 

_ The motor consists of a rotor having a polyphase 
a-c. winding and a commutated winding, and a stator 
having a field winding and an auxiliary winding. The 


auxiliary winding is physically located at 90 deg. from 
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the field winding and is closed upon itself. The field 
winding is connected to the commutator brushes. The 


power supply lines are connected to the polyphase wind- 
ing on the rotor through slip rings. 

The commutated winding does not appreciably affect 
the torque of the machine at standstill or low speed, but 
at higher speeds the commutator voltage enters into 
giving better synchronizing characteristics. When the 
machine is operating at synchronous speed a d-c. 
potential is present across the brushes, which serves as a 
direct-current source of supply for exciting the field. 
The machine, therefore, acts as an induction motor 
during the starting period and as a synchronous motor 
exciting itself during the running period. When the 
load reaches 150 to 200 per cent of full load, the ma- 
chine drops out of step and continue’ to run as an 
induction motor. As soon as the load is again decreased 
to within these limits, the machine falls back into step 
and operates as a synchronous motor. The losses in 
this motor are comparable to those of an equivalent 
induction motor. However, the new motor has a 
tendency to be slightly less efficient at fractional loads 
and slightly more efficient at overload. The size of 
this motor is approximately the same as: for the corre- 
sponding slip-ring induction motor. 

Obviously there is a very large field for motors having 
the marked advantages enumerated above, not only for 
new installations where they can be made to operate at 
unity power factor, but also in older installations where 
a large number of induction motors have already been 
installed, in which case the lagging reactive kv-a. can be 
compensated by operating the new motor at leading 
power factor. However, the cost of these motors is 
considerably more than the corresponding induction 
motor, as may be expected. 


A “WOOoL-YARN” OILING SYSTEM FOR SMALL Motors 


Many classes of service for small motors call for long 
operation of the motor without attention. Such service 
demands an oiling system for the motor bearings which 
is capable of supplying the bearings with the proper 
amount of oil for long periods without cleaning or the 
addition of oil. 

A line of small motors has been put on the market 
which have a lubrication system called the ‘‘Wool- 
Yarn’’ System, consisting of a number-of continuous 
strands of wool yarn placed over the shaft and pro- 
jecting down into the oil in the well. In this system the 
oil is carried from the well to the shaft by capillary 
attraction instead of a revolving ring as is the usual 
practise. The compartment carrying the yarn and oil 
is practically dust proof, every precaution having been 
taken to prevent dust from entering around the shaft. 

Even though this system is not applicable to motors 
larger than a few horse power, it has marked advantages 
for small motors, in that the yarn acts as a filter for the 
oil and the oil in the well is not agitated which helps to 
confine it to the well. The oil capacity is increased by 
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the amount held in the yarn and the motor will operate 
for long periods without re-oiling. 


SURFACE IRON LOSSES WITH REFERENCE TO LAMINATED 
MMATERIALS® 


Additional experimental work on surface iron losses 
with reference to laminated materials was carried on 
during the past year. The experiments were made on 
special test machines, the roters of which contained no 
windings other than exploring coils. The machines 
were rotated by direct connected d-c. motors, which 
were calibrated in order that the losses in the test ma- 
chines could be obtained from their inputs. The sur- 
face losses were obtained by separating the fundamental 
frequency losses from the total losses. 

It was shown that the hysteresis and eddy-current 
components of the surface loss can be approximately 
separated graphically. Skin effect decreases the losses 
as the decrease in eddy current loss is considerably 
greater than the increase in hysteresis loss. In the case 
of salient poles the enamel on individual laminations 
decreases the surface losses only slightly, which would 
not justify the extra manufacturing expense in most 
cases, even though it may materially affect the relative 
hysteresis and eddy losses. It was stated that the 
hardening of lamination edges, due to punching, affects 
the hysteresis surface loss appreciably if the punchings 
are not annealed. 


REPEATED THERMAL EXPANSIONS AND CONTRACTIONS 
THEIR EFFECT ON LONG ARMATURE COIL INSULATIONS® 


During the past decade the length of armatures has 
been increased about five feet due to the increase in the 
capacity of machines. Since the coefficient of thermal 
expansion of the copper conductor in armature coils is 
about fifty per cent larger than that of the mica and 
paper insulation, there is a considerable difference in 
linear expansion of the two in armature coils. Recently 
much experimenting was done to determine the effect 
of this unequal expansion on long armature coils. 

Experimental coils were placed in slots formed by 
stacking iron laminations in the same manner as they 
are placed in the slots of an alternator armature. 
Imitation vent ducts were situated at intervals in the 
iron so that the entire construction was comparable to a 
four-slot section of a largemachine. Thecoilsconsisted 
of square brass tubes and were 118 in. in length. The 
insulation was standard for 18,200 volts. Thermo- 
couples were placed at proper points for indicating 
temperature. The brass tubes were heated by passing 
current through them from a suitable transformer, and 
were cooled by passing them through air for certain 
experiments and water for other experiments where a 
greater change in temperature was desired. 

Automatic equipment was used for heating and cool- 
ing the coils which consisted of time delay relays for 
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putting on the current, starting the blower, ete. 7800 
cycles of temperature changes of approximately 75/deg. 


cent. were given the coils, followed by 2512 cycles of 


100 deg. cent. difference in temperature, 825 cycles of 
130 deg. difference in temperature, and 400 cycles of 
160 deg. temperature difference. The hottest tempera- 
ture reached by the coils ranged betwen 150 and 180 for 
all tests. 


After the coils were put through the above cycles, — 


which were comparable to many years of service fh a 


commercial machine, they were removed from the slots 


and inspected. The paper was somewhat darkened in 
color and was robbed of most of its mechanical strength. 
However, it was strong enough to retain its form about 
the conductor and to withstand the removal of the coils 
from the slot. The discoloration was greater at the 
imitation vent ducts than where the insulation was in 
contact with the stamping due to the fact that air could 
reach the paper more easily at those points. During the 
tests the coils were given a high potential test of 23,000 
and 37,000 volts at intervals, and withstood. these 
voltages without breakdown. ; 


TooTH PULSATION IN ROTATING MACHINES” 


Results of experiments have been published on the 
tooth pulsation in rotating machines, where both 
members are slotted. A method for checking the mag- 
nitude of flux pulsation was presented consisting of 
using metallic electrodes similar in shape to the ma- 
chine teeth in connection with an electrolyte of mercury 
to represent air. Current is caused to flow through the 
teeth by applying voltage between the two members, 
with a magnitude proportional to the magnitude of 
flux that would flow under analogous magnetic condi- 
tions. The results obtained in this way are, in general, 
slightly lower than those shown by two methods of 
calculation; but the agreement is fairly good. 

If the ratio of the mercury to electro resistance is 
small, corresponding to the effect of saturation in the 
iron, the effect of saturation may be experimentally 
determined. It was shown that for actual machines the 
effect of saturation on pulsation amplitude cannot be 


calculated by adding directly the air gap and tooth 


reluctances, on account of the permeability of the iron 
not being constant. 


GASEOUS IONIZATION IN BUILT-UP INSULATION" 


Experiments on the gaseous ionization in built-up 


insulation were conducted showing that the losses due to 
internal ionization caused a progressive deterioration of 
insulation, even though the absolute values of these 
losses in well constructed armature bars are small com- 
pared with dielectric losses of other types. The use of 
mica was shown to reduce the conductivity of the in- 
sulation and minimize the action of internal ionization. 
Even though the micafolium content can be somewhat 
reduced without seriously affecting the insulating prop- 
Le 
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erties over long periods, the use of high mica content 
appeared desirable due to variations in manufacturing 
process. 


EFFECTS OF TIME AND FREQUENCY ON INSULATION 
TESTS OF TRANSFORMERS!2 


The use of the induced potential method for testing 
the insulation of transformers has increased during the 
past few years. In order to keep the exciting current 
within a reasonable range during these tests, it is neces- 
sary to use frequencies higher than normal. Since the 
frequency used affects the dielectric strength of most 
insulating materials, the fair length of time during 
which high voltage is applied in the case of higher fre- 
quencies than normal is somewhat less than that for 
normal frequencies. 


During the past year the results of experiments made 
to determine the fair length of time for higher frequen- 
cies were published. It was shown that the rupture 
voltage of oil is the same for both sixty and 420 cycles. 


erratic no well defined relation can be made between 
time and dielectric strength. However, for the first few 
seconds, time decreases the strength quite rapidly, 
after which the effect decreases and is probably entirely 
absent after two or three minutes. The momentary 
strength ranges from 25 to 30 per cent higher than the 
one-minute strength. 


The strength of solid insulation decreases with an 
increase in frequency. The effect of time on the 
strength of oil and solid insulation in series is approxi- 
mately the same as for solid insulation alone until the 
oil distance exceeds the solid insulation thickness, after 
which it begins to be the same as for oil without barriers. 


d When solid insulation is under considerable stress the 
_ breakdown by creepage is not affected by time nearly so 
_ Much as is the puncture voltage of solid insulation. 
_ Frequency does not materially affect the creepage 
failure of solid insulation which is under no stress. 
However, if the insulation is under considerable stress 
the voltage for failure decreases with increased fre- 
_ quency in about the same order as the puncture voltage 
_ of solid insulation. The effect of frequency on the 
_ puncture voltage of solid insulation and oil in series is 
approximately the same as for solid insulation, where the 
_ thickness of the solid insulation is greater than that of 
the oil. When the oil distance exceeds the thickness of 
_ the solid insulation the effect approaches that for oil 
without barriers. 


OBTAINING STEADY HIGH-VoLTAGE DIRECT CURRENT 
FROM THERMIONIC RECTIFIER WITHOUT A FILTER™ 
The ordinary polyphase high-voltage rectifier gives a 

tical constant direct-current potential, which 

a ripple superimposed on each side of the mean of 

oximately five to seven per cent of the total d-c. 
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voltage. This ripple may be ironed out to a consider- 
able degree by the use of a filter consisting of condensers 
and reactors which are somewhat expensive, especially 
for high voltages. 

During the past year work was done on the develop- 
ment of a special type of a-c. generator having the proper 
low voltage wave form for giving a more nearly smooth 
rectified direct potential and provisions were made for 
manually or automatically varying the wave form to 
maintain a steady potential for varying load demands. 


THE APPLICATION OF THE SATURATED CorRE REACTOR 
AND REGULATOR" 


The use of direct-current saturation in the iron cores 
of static a-c. apparatus in radio work has been in vogue 
for sometime, and of late is being used commercially in 
voltage regulators and current-limiting reactors. How- 
ever, due to cost and inefficiency, the saturated-core 
voltage regulator and current-limiting reactor are at 
present confined to specific uses in which speed of opera- 
tion is desired in the case of the voltage regulator and in- 
creasing reactance with alternating current is desired in 
the case of the current-limiting reactor. 

During the past year, saturated iron-core current- 
limiting reactors were installed in a large central station 
between the essential auxiliary bus fed by a house 
generator and a miscellaneous auxiliary bus fed by a 
house transformer. These reactors are designed to 
carry 660 kv-a. under normal operating conditions, at 
a reactance drop of fifteen per cent. The short-circuit 
reactance is approximately 38.5 per cent, which will not 
allow more than 1710 kv-a. to pass through the reactors 
at normal voltage. Should the house generator be 
carrying full load and supplying 660 kv-a. to the mis- 
cellaneous auxiliary bus through the reactors, a dis- 
turbance on that bus could not overload the house 
generator more than 42 per cent due to the action of the 
reactor. 

THE TRANSVERTER 


A machine has been developed in England for con- 
verting polyphase alternating current into direct cur- 
rent and vice versa. Polyphase a-c. voltages of values 
low enough to be generated in large commercial alterna- 
tors can be transverted into continuous potentials on 
the order of 100,000 volts. 

The a-c. supply lines are connected to a series of 
transformer banks which transform the original voltage 
to the desired value and, in addition, convert the funda- 
mental number of phases into a large number of phases, 
36 for example. The 36 phases are then connected in 
the proper order to a commutator which remains fixed 
in space, the brushes being the rotating member. The 
brushes are mounted on a shaft and rotated inside the 
commutator instead of being placed on the outside as is 
the usual practise. If only two brushes were used and 
there were only as many commutator segments as 
phases, the brushes would have to be revolved at the 
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synchronous speed of a corresponding two-pole motor. 
However by using more brushes and segments, properly 
arranged, the speed can be made to correspond to that 
of a four- or six-pole motor. 

The transverter recently built and displayed in Eng- 
land used ten commutators in series to give 20 d-e. 
amperes at 100,000 volts, and was designed to be sup- 
plied with 50-cycle, three-phase current at 6600 volts. 
The speed of the brushes is 1000 rev. per min. 

This device can be used for a number of purposes, 
such as obtaining high-voltage direct current from low- 
voltage alternating currrent, low-voltage direct current 
from high-voltage alternating current, low-voltage 
direct current from high-voltage direct current (by 
adding another set of windings and commutators), and a 
given alternating frequency from another frequency. 
All these processes are reversible. 

The Subcommittee wishes to express to Mr. J. A. 
Brooks its appreciation of the valuable assistance which 
he has rendered to it in the preparation of this Report. 


COMMITTEE ORGANIZATION 


The organization of the Committee on Electrical 
Machinery comprises a number of Subcommittees 
including the following; 

1. The review and preparation of technical papers 
in the field of electrical machinery, H. M. Hobart, 
Chairman. 

2. The preparation of a résumé of the year’s 
progress in the electrical machinery art for the pre- 
sentation at the Annual Convention, J. C. Parker, 
Chairman. 

3. Preparation of short memoranda of timely 
interest relating to electrical machinery, for publica- 
tion from month to month in the JOURNAL, E. H. 
Hubert, Chairman. 

4. Subcommittee on Electrical Machinery Re- 
search, V. Karapetoff, Chairman. 

5. Subcommittee on Electrical 
Standards, C. A. Adams, Chairman. 


Provisions are made for further subcommittees which 
ean be described as Regional Subcommittees. Each 
member of the Committee on Electrical Machinery is 
invited to examine the practicability of establishing 
in his vicinity a Regional Subcommittee to deal with 
subjects in which he is especially interested. The 
member includes in the Subcommittee a group of 
fellow-specialists and he is free to go outside of the 
Committee on Electrical Machinery for this purpose. 


As an example of one of these Regional Subcom- 
mittee’s may be mentioned that organized by Prof. 
B. F. Bailey. It deals with induction motors and 
generators and research subjects relating thereto. 
As Professor Bailey is located at the University of 
Michigan he has associated with himself in this Sub- 
committee Prof. James F. Fairman, Mr. Norman §. 


Yost and Mr. L. N. Holland, all of whom are located 
at or near Ann Arbor. 


Machinery 
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The studies and discussion leading to the above 
organization of the Committee on Electrical Machinéry 
took considerable time and the Subcommittees have 
not made as much progress this year as had been hoped. 
However, the Electrical Machinery Research Sub- 
committee has held meetings in which several matters 
have been profitably discussed. 
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By the Lighting and Illumination Committee 
SHORT CUT DESIGN FOR ELECTRICAL ADVERTISING 

Advertising quite naturally groups itself into two 
separate and distinct methods of presenting its message 
to the public. Circulating advertising, the first of 
these, may be leisurely, argumentative, and thorough 
in the lesson it teaches and since it is read in the library 
or office, it is designed for such leisurely reading. 

On the other hand, display advertising is fixed in its 
position and relies therefore for its effectiveness, upon 
being conspicuous and unavoidable; it must get its 
message across in a flash, out of doors, in all kinds of 
weather, at many different distances and at many dif- 
ferent angles. In any case, however, it must convey 
its message in a very short time for it must do its work 
on the minds of moving people. For this reason it 
must be very simple, striking and impressionistic. 

Of all forms of display, electrical advertising has the 
greatest variety of characteristics by which it may be 
made effective. It has brightness, which in contrast 
with the night is alone often sufficient to create in a 
flash a lasting impression in the minds of passers-by, 
conveying the entire message of the display. It may 
also have motion, brilliant colors and unlimited size as 
well as uniqueness, fantastic shape and a limitless 
variety of forms and positions. 


re 


Factors INVOLVED IN THE SELECTION OF THE PROPER 
SIGN FOR A GIVEN LOCATION 

In addition to electrically illuminated poster boards 
and similar advertising material, there are three general 
types of electric signs. The first of these, (the ex- 
posed lamp sign as it is called), is best suited and most 
frequently used for all electrical advertising which must 
be effective at greater distances. These signs may be 
designed to possess strongest attracting power and the 


greatest individuality; they may be made most bril- _ 


liant and they excel in adaptability to the use of color 
and motion. 

The enclosed lamp sign, consisting of luminous letters 
of glass either in small round lenses, painted sheets, 
or shaped opal plates mounted in a metal case, is best 
suited and most used for all small location markers in 
low hanging positions. Signs of this type are effective 
at all ordinary viewing distances up to 500 ft. This 
fact, together with their adaptability to neatness of 
design, has made them an accepted standard for day as 
well as night advertising, particularly at distances of 
less than 250 ft. b a 
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TABLE I 
Factors tobe Determined Type of Sign 
Exposed Lamp Signs Enclosed Lamp Signs Silhouette Signs 
Range of Effectiveness 250 ft.—to Several Miles 0-250 ft. 0-1000 ft. 
Letter Height (in feet). This Greatest Viewing Distance Greatest Viewing Distance Greatest Viewing Distance 
quantity determines the maximum (in feet) (in feet) (in feet) 
legibility distance. MT = H = 
250 300 350 
tt 
Shortest Viewing Distance 
Lamp Spacing (in feet). This factor (in feet) Lamps spaced not more than six Lamps’spaced ‘on 6 inch centers 
determines the smoothness of Sa inches apart in any direction. 
illumination. 1,000 
Number of Lamps H WH xX No. of rectangles 
N =~. XNo. of Letters x 2144 Be 
Ss 40 
District Lamp Lamp Lamp 
Brightness Wattaget Wattage Wattage 
tLamp Size 1 75-100 60-75 100 
2 75 60 75 
Obviously the bright- 3 50- 75 50—60 75 
ness of the display is 4 50 50 60 
influenced by this 5 25- 50 50 60. 
factor. 6 25 40-50 50 
fe 15— 25 40 50 
8 15 40 40 
9 10— 15 24-40 40 
10 10 25 25 


*For the enclosed lamp sign the filament centers of no two adjacent lamps should be more than 6 inches apart. 
this requires lamps at the corners of equilateral triangles, six inches on a side covering the pattern. 
letters or pictures) which are made up of rectangles require a umber of lam 


than N in the equation shown above. 


For illumination of large surfaces 
For the illumination ofa sign, the units (words, 
ps per rectangle equally spaced to cover it, equal to the nearest even number 


W is the width and H the height of the rectangle in inches. 


This applies to clear lamps only. When blue glass lamps are desired, the next larger size will often be found to be desirable. 


effect. The wattages in the table should be multiplied as follows: 


When colors are used, either from a spray coating on the lamp or a color hood over it, a larger wattage is necessary to give the same brightness 


For yellow light—multiply wattage by 1.5 
For orange light—multiply wattage by 2 
For amber light—multiply wattage by 2 
For green light —multiply wattage by 3 


For red light 


—multiply wattage by 4. 


Lamps larger than 100 watts should not be used, but the correct wattage per foot line-length as thus determined. Where color isemployed two 
lamps will often be required in places where one clear lamp was otherwise sufficient, 


tFor distances in excess of one mile, use the equation, 


Lamp watts = 10 


The third and last type is known as the silhouette 
sign consisting essentially of a brightly lighted back- 
ground against which the darker letters stand out in 


TABLE II 
District Brightness Factors 


Description of District 


1 Extremely bright Square such as Times Square, New York 
City. 

2 Very bright centers such as State St., Chicago. 

3 Bright Squares in large cities; Cadillac Square, Detroit; 
Playhouse Square, Cleveland. 

4 White Waysin Large Cities. Public Squaresin smaller cities. 

5 Business districts (no White Way) in large cities, White 
Ways in smaller cities. 

6 Business districts in smaller cities. 
large cities. 

7 Outlying districts in smaller cities. Centers of small towns. 

8 Darker outlying districts with an occasional store, etc. 

9 

i) 


Outlying districts in 


Lighted highway but no stores. 
A small isolated display—no street lights or store windows. 


bold relief. Such a sign is easy to keep clean and may 
be made very attractive in appearance although it is not 
So widely used as the other types. 


3 


vdistance (in feet) 


district brightness factor 


IMPORTANT FACTORS IN SIGN DESIGN 


To design effective electrical advertising displays, it is 
necessary to be a good artist as well as a good engineer. 
Without the imagination of the artist displays may be 
flat, uninteresting, monotonous, and unattractive, and 
naturally, less effective; while without the knowledge 
of engineer, displays may be too large, too small, too 
spotty, too bright or too dull. 

The engineer must first make a survey of the location. 
He wants to know the greatest distance at which the 
display must be effective for the height, and size of the 
letters will influence maximum distance at which the 
sign will be legible. He also wants to know the short- 
est distance at which the display must appear well, for 
the smoothness of the illumination at a given viewing 
distance is influenced almost entirely by the lamp spa- 
cing—another factor which the engineer must determine. 
These two distances ,then, limit therange of effectiveness 
of the display. 

The general brightness of the district to be made 
brighter by the display is another point to be considered 
by the engineer. The accompanying Table II giving 
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district brightness factors may be used for this purpose, 
thereby guaranteeing that the brightness of the sign will 
be in accordance with that of the surrounding district. 

The underlying principles of sign design are rather 
complex, and the evaluation of its fundamentals has 
involved rather elaborate engineering study; in fact 
many books and a life long study might be devoted to 
the art of electrical advertising display design. How- 
ever, once these principles are known and understood, 
they may frequently be reduced to rule-of-thumb 
methods which, though simple, inherently take care of 
the more technical considerations. Thus the engineer- 
ing features of sign design may be compressed with a 
fair degree of accuracy into a few simple equations and 
tables. The most important of these were recently 
presented in a paper before the Illuminating Engineer- 
ing Society,! and are summed up in the first of the ac- 
companying tables. 

To use these tables, it is assumed that the artist’s 
conception of the display, as it is to appear before the 
eyes of the public, has the approval of the prospective 
sign owner as well as that of the engineer. In this 
display the central figures, around which all the art 


work is grouped, are a number of rectilinear letters,—- 


wording. This arranged the most difficult portion of 
sign design is complete, for indeed the artistic concep- 
tion can be accomplished only through an intimate 
knowledge of the advertising program and aspirations 
of the company, as well as the genius and initiative of 
the artist. 

The problem then is for the engineer to work out the 
details of construction. Thus, for him it is merely a 
matter of following the simple equations and using a 
little judgment. If the picture is then right, the dis- 
play cannot fail. But without him it might be disas- 
trous, for it is up to him to construct a sign in such a way 
that the picture painted by the artist will be deeply 
impressed upon the minds of the passers-by. 


AIRPLANE BEACONS 

A mountain top near Dijon, France, about 250 miles 
from the nearest salt water is equipped with a beacon 
of a billion candle power which will guide air pilots of 
the night flying line connecting Paris and Marseilles. 

Although this French airplane beacon is the most 
powerful as yet built the United States has a very 
comprehensive system of air light houses. There are, 
among others, electric beacon lights of a half billion 
candle power at the Chicago, lowa City, Omaha; North 
Platte and Cheyenne airplane landing fields. These 
beacons are to identify these fields but their light is so 
powerful that when a plane is approaching the earth 


1. “Short-Cut Design for Electrical Advertising.’ Presented 
before the annual convention of the Illuminating Engineering 
Society by C. A. Atherton, Illuminating Engineer, National 
Lamp Works of G. E. Co., Cleveland. 
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the beacon is turned off and the field itself is then 


floodlighted. 

Further to mark out the route for night flying extend- 
ing for a thousand miles west of Chicago there are five 
million candle power electric beacons every 25 miles 
which also serve to indicate the location of emergency 
landing fields. Thus with the light way that extends 


from New York to Chicago it would be possible for an. 


airplane pilot to start from New York after dark and 
have a line of light guide him all the way from there to 
Cheyenne provided his plane could travel fast enough 
so as not to be overtaken by the rising sun be- 
fore reaching Cheyenne just to the east of the Rocky 
Mountains. 


The New York to Chicago light airway which is now 
being put in commission, because of the rough country, 
has electric beacons 12 to 17 miles apart instead of 
every 25 miles which is the rule west of Chicago. 
These air-ways are operated upon a schedule and not 
all lighted at once. When a plane arrives at one of the 
regular landing fields the electric beacons behind it are 
turned off and the signal is sent out to light those ahead 
of it. ‘Thus when the plane is again in the air the pilot 
can set his course by the lights ahead. In this manner 
both lights and planes travel across the country between 
dusk and dawn. 


SPECIFICATIONS FOR RAILWAY 
SIGNAL PRIMARY-BATTERIES 


As the result of a series of tests conducted by the 
Bureau of Standards of the Department of Commerce. 
a preliminary specification for the primary batteries 
used to operate railway signals has been prepared anc 
submitted to those interested for consideration. 


Caustic soda primary batteries are used to a larg 
extent in the operation of railway signals, and th 
Bureau was requested by the battery committee of thi 
American Railway Association to draw up specification 
covering the performance of such batteries. The com 
mittee has held three meetings at the bureau during th 
past year. It was found that sufficient data were no 
available to permit the drawing up of specifications, so | 
series of tests was started to obtain the necessary in 
formation. Tests on 93 batteries havé been completec 
each one involving a large number of measurements ¢ 
dimensions and voltages. The tests were made both a 
room temperature and at 32 deg.fahr. Thelattercond 
tion is most important because of the low temperature 
to which these batteries are subjected during the winte 
months. As the outcome of these tests a preliminar 
draft of specifications has been prepared through tk 
joint cooperation of the battery committee of tk 
American Railway Association, representatives of tl 
manufacturers, and the Bureau of Standards. — , 

Increased safety in travel will be one of the importa 
indirect benefits from the work. 
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The Pacific Coast Convention 
TENTATIVE PROGRAM OF PAPERS AND EVENTS 

A splendid program has been arranged for the Pacifie Coast 
Convention, which will be held in Seattle, Washington, Septem- 
ber 15th to 19th. The technical papers will cover distribution, 
transmission, hydroelectric developments, education, research 
and marine application. A number of trips of engineering and 
scenic interest has been scheduled with special.plans for the 
ladies who attend. There will be golf, and the tournament for 
the John B. Fisken cup will be a particular feature. 


As may be seen from the tentative arrangement published 
_ herewith the subjects of distribution systems and practises will 
occupy a large portion of the program. The revision or the 
extension of distribution systems is a problem which is becoming 
very important in the West, and eight papers from engineers in 
eight different parts of the country will discuss distribution 
practises in their respective locations. There will also be three 
papers on the coordination of distribution with communication 
systems. 

Transmission will be another important subject and papers 
on stability, design of long spans and other phases will be pre- 
sented. 

Another group of papers will cover engineering education and 
research. 

An unusual event will be a meeting scheduled for the repre- 
sentatives of Sections and Branches. At this meeting, matters 
relating to activities of Sections and Branches, particularly those 
of the West, will be discussed. 
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Convention headquarters will be at the Olympic Hotel, 
Seattle, and all meetings will be held there. Those who plan to 
attend the Convention should make reservations by communi- 
cating directly with the hotel. 


The convention arrangements have been made by a well 
organized local committee, working actively for the past several 
months. This committee consists of the following members: 
G. E. Quinan, Chairman, C. N. Beebe, Hiram W. Clark, Harry 
P. Cramer, E. J. DesCamp, W. C. DuVall, F. R. George, John 
Harisberger, C. A. Heinze, Joseph Hellenthal, Charles A. Lund. 
C. E. Magnusson, James S. MeNair, C. E. Mong, L. W. W, 
Morrow and C. R. Wallis. ; 


TENTATIVE PROGRAM OF PACIFIC COAST 
CONVENTION 


SEATTLE, SepremBer 15-19, 1925 


(Nore: Several of the papers listed here had not yet been 
officially approved and some had not been received when this 
issue of the JourNAL went to press.) 


Turnspay Mornine SerremBper 15TH 


Address of Weleome—Dr. Henry Suzzalo, President of the 
University of Washington. 


Horrt Otymp1a—ConvENntTION HBADQUARTERS 


President’s Address—Dr. M. I. Pupin, President of the American 
Institute of Electrical Engineers. ; 


Reports of Committees, ete. 


TurspAY APTERNOON, SEPTEMBER 15TH 


Symposium on Hydroelectric Power Development in 
Pacific Northwest 

The Baker River Power Development, W. D. Shannon, Stone & 
Webster, Inc. 

The Lake Cushman Dam, B. E. Torpen, City of Tacoma. 

The Oak Grove Development, H. A. Rands, Portland Electric 
Power Company. 

Water-Power Development of the Alouette-Stave-Ruskin Group 
of the British Columbia Electric Railway Company, Ltd., 
E. EK. Carpenter, British Columbia Electric Railway 
Company, Ltd. 

Steam-Power in Its Relation to the Development of Water-Power, 
R. C. Powell, Pacifie Gas & Electrie Company. 


Turspay EvenineG, SepteMBER 157TH 


President’s Reception, Italian Room, Olympia Hotel. Dancing. 
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WerpNnespay Morninc, SEPTEMBER 16TH 
Engineering Education and Research 
Some New Features and Improvements on the High-Voltage Watt- 
meter, J. S. Carroll, Stanford University. 
A Stationary Type of Laboratory Standard Wattmeter, H. V. 
Carpenter, Washington State College. 
On the Nature of Corona Loss, J. J. Hesselmeyer and J. K. Kostko, 
Stanford University. 
The Study of Ions and Electrons for Electrical Engineers, Harris 
J. Ryan, Stanford University. 
Engineering Research—A Vital Factor in Engineering Education, 
C. E. Magnusson, University of Washington. 
Relation Between Engineering Education and Engineering Research, 
R. W. Sorensen, California Institute of Technology. 


Wepnespay AFTERNOON, SupremBer 16TH 1:00 P. M. 
Several of the beautiful golf courses in the vicinity of 
Seattle will be available to members and their friends. 

Tournament play at the Inglewood Golf and Country Club 
for the John B. Fisken Cup. This tournament will be open to 
any member of a Pacific Coast Section. 


A Portion or SEATTLE’s Business District, HARBOR AND 
Orympic MountaIns 


2:30 P. M. 
Entertainment for the Ladies, Bridge, Tea, Seattle Yacht Club, 
Montlake Park. 
During the afternoon the K-B Boat will be on exhibition. 
WEDNESDAY EVENING, SEPTEMBER 15TH 
Application of Electric Propulsion to Double-Ended Ferry Boats, 
Alexander Kennedy and F. V. Smith, General Electric 
Company. 

Lecture: The K-B Propeller, F. K. 
Washington. 


Kirsten, University of 


Tuurspay Morninc, SpepremMBer 17TH 


Transmission-Line Design and Operation 
Stored Mechanical Energy in Transmission Systems, J. P. Jolly- 
man, Pacific Gas & Electric Company. 7 
Spans Having Supports at Unequal Elevations, G. 8. Smith, 
University of Washington. : 
The Long Span Across the Narrows at T'acoma, J. V. Gongwer, 
and A. F. Darland, City of Tacoma. : 
220-Kv. Transmission Transients and Flashovers. R. J. C. Wood, 
Southern California Edison Company. 
The Line of Maximum Economy, EK. A. Loew and F. K. Kirsten, 
University of Washington. 
12:30 to 2:00 p. m. 


Luncheon. Sections and Branches 


Committee Meeting. 
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THURSDAY AFTERNOON SEPTEMBER 177TH, 2:00 To 5:00 P;M. ; 


Transmission-Line Design and Operation (Cont’d.) 
Fundamental Considerations Regarding Power Limits of Trans- 
mission Systems, R. E. Doherty and H. H. Dewey, General 
Electric Company. ‘ 
Analytical Discussion of Some Factors Entering into the Problem 
of Transmission-Line Stability, C. L. Fortescue, Westing- 
house Electric & Manufacturing Company. 


Symposium on Distribution Practise ; 
Distribution-Line Practise of the San Joaquin Light & {Power 7 
Corporation, L. J. Moore and H. 8. Minor, San_Joaquin — 
Light & Power Corporation. 
Improvement in Distribution Methods, S. B. Hood, Northern 
States Power Company. a 


THuRSDAY AFTERNOON, SEPTEMBER 17TH 


Entertainment for the Ladies. 
Sight Seeing Trip over Seattle Scenic Boulevards. 


TuurspAY EvEninGc, SEPTEMBER 17TH 
Dinner Dance in the Italian Room of the Olympic Hotel. 


y Fripay Morninc, SEPTEMBER 18TH 


Symposium on Distribution Practise (Con’ td.) 

The 60-Cycle Distribution System of the Commonwealth Edison 
Company, W. G. Kelley, Commonwealth Edison Company. 

A High-Voltage Distributing System, Glen Smith, City of Seattle. 

A Distribution System to Supply Increasing Load Densities in 
Residential Areas, M. T. Crawford, Puget Sound Power & 
Light Company. 

Distribution Practises in Southern California, R. E. Cunningham, 
Southern California Edison Company. 

Power Distribution and Telephone Circwits—I nductive and Physical 
Relations, D. I. Cone, The Pacific Telephone and Telegraph 
Company, and H. M. Trueblood, American Telephone and 
Telegraph Company. 


Fripay AFTERNOON, SEPTEMBER 18TH 
Sumposium on Distribution Practise (Cont’d.) 

Induction From Street-Lighting Circwits—Effects on Telephone 
Circuits, R. G. MeCurdy, American Telephone and Tele- 
graph Company. 

The Radio-I nterference Problem and the Power Company, L. J. 
Corbett, Pacific Gas & Electric Company. 

Opportunities and Problems in the Electric Distribution System, 
D. K. Blake, General Electric Company. 

Engineering and Economic Features of Distribution Systems 
Supplying Increasing Load Densities, L. M. Applegate, 
General Electric Company, and Walter Brenton, North- 
western Hlectric Power Company. : 

Frinay, SepremperR 18ra—SaTurRDay, SEPTEMBER 197TH 

Short trips to Industrial Plants, Central-Station Properties and 
Seenice Points. 


Annual Convention of the Association of . 
Iron & Steel Electrical Engineers 


Suecess seems assured by the program which has been planned 
for the Annual Convention of the Association of Iron & Steel 
Engineers, to be held at Philadelphia, September 14th-19th 
inclusive. The Committee in charge has worked most un- 
ceasingly and have been rewarded with the fine promise of the 
program developed. Oil circuit breakers in connection with 
high tension Switching will be one of the subjects to come be- 
fore the convention, and some others will be frog-leg armature 
windings; Report of the Electric Heating Committee, their 
subject being ‘‘From the Ingot to the Finished Material’; 
auxiliaries and auxiliary drives for steam electric generating 
sttaions; extending the heat cycle in boiler operation by the 
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use of preheated air combustion. The Committee invites ques- 
tions on any or all of these subjects as well as any information 
that will tend to give breadth of application and success to 
the carrying out of the convention program. There will 
be an informal dance Monday evening and the regular Annual 
Banquet Thursday evening, the Philadelphia Section having 
charge of the entertainment schedule. 


Comments Requested on Preliminary 


ti Draft of Standards 


In the work of revision of the A. I. E. E. Standards another 
section has been brought by the Working Committee to a point 
where comments from the Institute membership are desired. 
The new section is No. 9, Induction Motors and Induction 
Machines in General. 

This draft of the Standards has been prepared by a working 
committee in the appointment of which every effort has been 
made to select the men from all branches of the art most compe- 
tent to contribute directly to the development of an accurate 
and generally acceptable set of Standards. Copies of the above 
are now available, without charge, and all interested are requested 
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1925 NATIONAL ELECTRICAL CODE APPROVED BY A. E. S. C. 

The 1925 edition of the National Electrical Code, which is 
shortly to be published by the National Board of Fire Under- 
writers, will announce on its cover and title pages, its approval as 
an AMPRICAN STANDARD by the American Engineering Standards 
Committee. The biennial revision of this bible of the electrical 
wiring industry was performed by the National Fire Protection 
Association as the sponsor organization, through a Sectional 
Committee with 39 organizations represented in its membership, 
including several Federal, Stateand Municipal bodies in addition 
to the various technical, industrial and commercial associations 
concerned. 

The Code is said to have wider recognition and use by inspec- 
tion authorities and others than any other set of technical 
regulations. 

In its compilation and revision it has drawn upon nation- 
wide sources of experience and practise. 

The first printing will be 100,000 copies. 


RALING RULES AND DEFINITIONS FOR ELECTRICAL 
CONTROL APPARATUS 

Another step toward the national unification of industrial prac- 
tises is registered in the announcement by the American Engineer- 
ing Standards Committee of the approval of the ‘‘Electrical In- 
dustrial Control Standards” submitted jointly by the American 
Institute of Electrical Engineers and the Electric Power Club. 
These are based upon previous standards of the Institute and of 
the Club, and upon practises that have been developing for many 
years. The document approved includes: 

1. Specifications of service conditions. 

2. Definitions of different types of control apparatus, and of 
parts, and of functions of the apparatus, together with a classi- 
fication of controllers, switches, and resistors. 

3. Rules for the rating of the apparatus in accordance with 

- the duty to be performed. 

4. Dielectric tests. 

The temperature rise permitted in wire wound coils is 50 deg. 
cent. for class O materials, 65 deg. for class A, and 85 deg. for 
class B, when measured by thermometer applied to the hottest 
accessible part of theapparatus. A 20 deg. greater rise is allowed 
when the temperature is determined by increase in resistance of 
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to apply to Institute headquarters. Write direct to H. E. 
Farrer, Secretary Standards Committee, 33 West 39th St., 
New York, N.Y. This section of the Standards was offered for 
comment in the June JourNAL but because of extensive changes 
it is again posted. 


Chemical Exposition at Grand Central 
Palace 


About twenty leading American colleges and universities 
have filed applications for their students of chemistry and chem- 
ical engineering to take the one week’s course of intensive training 
in practical technique of chemical engineering to be held in con- 
junction with the tenth Exposition of Chemical Industries, at 
Grand Central Palace, New York City, during the week of Sept. 
28th-Oct. 3d. More than three hundred students are expected 
to enroll before the closing date. A course of lectures is now 
being prepared and examinations will be held at the close of the 
course, as a number of colleges have designated their willingness 
to give students credit toward their degrees for any work done 
at the Chemical Exposition. Professor W. T. Read, of the 
Chemistry Department, Yale University, is in charge. 
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American Engineering Standards Committee 
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windings. The temperature rise of laminated contacts is limited 
to 50 deg. cent., and of solid contacts to 75 deg., the measurement 
to be made by thermometer. 

The conditions and methods of making the temperature tests, 
and for determining the dielectric strength, are also laid down in 
the standard. 


STANDARD CONNECTIONS AND TERMINAL MARKINGS 


Theapproval, as American Standard, of a system of connections 
and markings for electric power apparatus is announced by the 
American Engineering Standards Committee. The standard is 
the result of a revision of the work of the Electrie Power Club 
which has been developed over a period of years. The most 
important part of the revision has consisted in systematizing 
the work into a general plan not only for present needs, but 
to provide sufficient flexibility for future development. 

Previously confusion has existed, but in the new system sub- 
numbers are used to differentiate between the various terminals 
of each class. These letters were chosen wherever possible 
so as to conform to the practise of many years and to cause as 
little consternation as possible for those making practical use of 
the diagrams presented. 

The new system is being submitted to the International 
Electrotechnical Commission for adoption as an international 
standard. 


Additions to the Electrical Engineering 
Staff of the M. I. T. 


Another notable electrical engineer of high theoretical and 
practical attainments has joimed the professorial staff in the 
Electrical Engineering Department of the Massachusetts 
Institute of Technology, in the person of Doctor H. B. Dwight. 

Doctor Dwight studied at the University of Toronto and 
McGill University. He graduated from the Electrical Engineer- 
ing Course of the latter in 1909 and went into the employ of the 
Canadian Westinghouse Company where for years he has been 
in charge of the design of direct current and synchronous alter- 
nating current rotating machinery. His studies and experience 
in this employment have made him an authority on the design of 
rotating machinery over a wide range of characteristics. He has 
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also given a great deal of interest to the development of power 
transmission, has planned important proposed projects and is 
the author of three books relating to power transmission and 
allied subjects; besides having published numerous scientific 
articles in the Transactions of the American Institute of 
Electrical Engineers and other journals, relating to the theory of 
electric circuits, design of electric machinery and the trans- 
mission of electric power. A new edition of his book on Trans- 
mission Line Formulas has just been issued. 

In 1924 McGill University conferred upon him the degree of 
Doctor of Science. 

The Blectrical Engineering teaching staff of the Massachusetts 
Institute of Technology already includes experienced teachers, 
theoreticians and writers over a wide range of the field such as 
Jackson, Laws, Lawrence, Lyon, Timbie, Bush, Dellenbaugh, 
Ricker, Hudson, Tucker, Dahl and numerous other younger men, 
and thé addition of Dr. Dwight to this staff is further evidence 
that the authorities of the Massachusetts Institute of Technology 
realize the importance of electrical engineering to the industries 
and are determined to maintain their Electrical Engineering 
Department on the highest practicable level. 

Accompanying Dr. Dwight’s appointment was the promotion 
of Professor F. S. Dellenbaugh, Jr., to an Associate Professorship, 
Messrs. Dahl and Lansil to Assistant 
Professorships. : 


and of Bowles, 


New Haven Machine Tool Exhibition’ 


The Annual New Haven Machine Tool Exhibition will be 
held as usual in the Mason Laboratory of Mechanical Engineer- 
ing, Yale University in September 8, 9, 10 and 11, 1925. The 
exhibition is under the auspices of the New Haven Section of the 
American Society of Mechanical Engineers, the New Haven 
Chamber of Commerce and the Mechanical Engineering Depart- 
ment of Yale University. It is designed to encourage an appre- 
ciation of the production value of machine tools and to exhibit 
the latest developments in the machine tool industry. 


Dn wm J yuvenceyaneenanvvuray pen gaeny ean eng een 009 PUA URRO OO EO ERP AY CRN REA FN EE 


NATIONAL RESEARCH COUNCIL 


Mr 


ST 


<Ssaman bed VENUE 


MOC 


HIGHWAY RESEARCH BOARD 

At a recent meeting of the Executive Committee of the 
Highway Research Board of the National Researeh Council it 
was decided to hold the Fifth Annual Meeting of the Board at 
Washington, D. C., on December 3 and 4, 1925. Progress 
reports received from the Chairmen of the Research Committees 
show that they are conducting important studies on almost 
every phase of highway development, including finance, design, 
construction and maintenance, thus assuring a successful annual 
meeting. The program for the Fifth Annual Meeting is now 
being prepared and will soon be announeed. 
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ARCH DAM TO BE TESTED TO DESTRUCTION 

More than $70,000 has been raised by a special committee of 
the Engineering Foundation, and, toward the settlement of a 
scientific problem centuries old, this will be applied to the erec- 
tion of an arch dam on the Stevenson Creek, a tributary of the 
San Joaquin River, about sixty miles from Fresno, California. 
The dam will be 100 ft. high and both American and European 
engineers are aiding in the plans for its erection. It is to repre- 
sent in actual structure plans “new to engineering effort”? and 
approximately $100,000 will be spent to determine the validity 


of this conerete arch design. In the execution of this investiga- 
tion, the American Society of Civil Engineers will act in coopera-~ 
tion with the United States Bureau of Reclamation, the States 
of California and Oregon, the City of San Francisco, Los Angeles 
County, power companies, irrigation districts, universities and 
individual engineers. 


It is purposed to build the test structure first to a height of 
60-ft., then after making test, extend the dam, two feet in thick- 
ness, 40 ft. farther in 10-ft. lifts until the total elevation of 100 ft. 
is reached. The up-stream radius of curvature of the arch will 
be uniform, 100 ft. The placing of concrete masonry is expected 
to begin in October, and it is planned that when the structure has 
reached an elevation of 60 ft. it will be subjected to tests and 
observations of one year’s duration. In order that no damage 
may result from the testing process, the dam will be located in a 
rough, rocky mountain gorge. An important water supply 
conduit of the Southern California Edison Company will afford 
water for the tests without dependence upon loeal rainfall and 
melting snow. 


Book Review 


Tur TRANSACTIONS OF THE Frrst WorLD Pownr CONFERENCE, 
London, June 30th to July 12th, 1924. London, Perey 
Lund. Humphries & Co., Ltd., 4 v., 6423 pp., illus., maps. 
10 by 6 in. cloth. 


These four handsome volumes contain the papers presented 
at the first World Power Conference, and the discussions they 
provoked. A fifth volume, containing an elaborate index, is in 
preparation. 


Few engineering congresses have left so extensive and elaborate 
a record of their proceedings; few have excited such widespread 
interest, if the use of this report may be taken as an indication. 
The Conference brought together delegates of many countries, 
as well as a large number of engineers from all quarters of the 
globe; the papers were of high quality, so that the published 
record is a valuable summary of power resources and their 
present utilization. 


The scope of the Conference was a wide one; the available 
and utilized power resources of the world were reported upon 
very fully, the papers upon this subject filling an entire volume. 
Upon the production of water power, the preparation of fuels and 
the production of steam power, the contributions were sufficient 


_to fill another volume which is a comprehensive review of the 


best practise of various lands in the development of water powers, 
water-wheel design, the distillation of coal, producer gas, peat, 
shale-oil, and in the utilization of wood waste, as well as of 
modern steam power plant design and practise. 


The subjects contained in Volume IJI deal with internal 
combustion engines, gas, such sources of power as wind, alcohol 
and natural steam, the transmission and distribution of power 
by electricity, research, standardization and illumination. 


Papers on a variety of subjects appear in volume four. The 


varied uses of power in industry and for domestic purposes, in 


electrochemistry and electrometalurgy, and for transport on 
land-and sea are discussed and described. Various economic and 
financial problems are treated, as are the governmental policies 
of various countries. Several papers on education, health and 
publicity conclude the work. 


A work so broad in scope and so varied in character cannot 
fail to offer something of interest to every engineer, whether he 
deals with the production of power or its use. The list of con- 


tributors includes many of our best authorities and the articles, 


with their numerous illustrations and maps, give a graphie picture 
of the present state of power engineering. 
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Mackpnztm Macinryre has been made assembly foreman for 
the DeForest Radio Company, Jersey City, N. J. 


Rosrrr C. Barron has left the service of the Iowa Service 
Company at Missouri Valley, Ia., and is now superintendent of 
the Caliente Public Utilities, Caliente, Nevada. 


Apert B. JuNnKIns is now construction engineer for the 
Electrochemical Company, Baltimore, Md., having resigned from 


the service of the American Sugar Refining Company, of that city. 


Wirtram McCieLtuan AND PETER JUNKERSFELD, engineers 
and constructors of New York, St. Louis and Washington, D. C., 
have opened a Chicago office, with Stephen Gardner as district 
manager. 


Wixiiam B. Fiynn, formerly electrical engineer with Day & 
Zimmerman, Philadelphia, has been made construction engineer 
in charge of all work of the Georgia Railway & Power Company, 
Atlanta, Ga. 


Water F. Aman has resigned from the office of Assistant 
Physicist of the National Bureau of Standards, Washington, 
D. C., to accept position as electrical engineer in the office of the 
Pennsylvania Railroad System, Altoona, Pa. 


W. H. Waener, who for the past fifteen years has been con- 
nected with the Chicago Office of the General Electric Company, 
on July ist assumed new duties as superintendent of the Los 
Angeles Service Shop of the company. 


Arc# Rosinson, who for the past two years has been in charge 
of construction work for the J. G. White Engineering Corporation 
at Parco, Wyoming, in the erection of an oil refinery for the 
Producers and Refiners Corporation, has now returned to New 
York City. 


Extmer O. THompson, who has for the past five years been 
employed by the American Tel. & Tel. Company in the Develop- 
ment and Research Department, has joined the David Grimes, 
Inc., manufacturers of radio receiving instruments. 


Gitpert L. Cuapwicx, who was associated with Hollis 
French & Allen Hubbard, Consulting Engineers, as assistant 
electrical engineer, has made new affiliations with Anderson- 
Coffey Co., Electrical Contractors and Engineers, also of Boston. 


J.S. Focrrry has recently entered the employ of the Brooklyn 
Hdison Company for service in their electrical engineering de- 
partment. For the past year, Mr. Fogerty has been doing elec- 
trical construction work with the Phoenix Utility Co., Guatemala, 
C.A. 


A. H. Drummonp has resigned from the position of division 
inspector in the Distribution and Transmission Dept. of the 
Westchester Lighting Co., and has accepted position as assistant 
to the distribution engineers of the Pennsylvania Power and 
Light Company, Allentown, Pa. 


H. B. Vincent, for the past fourteen years associated with 
Day & Zimmerman, Inc., Philadelphia, as engineer on construc- 
tion and operation, has accepted a position as manager of field 
engineering service with the R. Thomas & Sons Company, and 
will be located at their Ohio works, East Liverpool, O. 


¥. LeRoy Scuanrer has severed his connections with the en- 
gineering department of the American Rolling Mill Company 
to accept position as assistant superintendent of construction 
for the Du Pont Engineering Company, and is now located at 
Charleston, W. Va., in connection with a new development at 


Belle, W. Va. 


F. R. Comsss, who for the past three years has been chief 
assistant in the Switchgear Development Department at the 
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works of the General Electric Company, Wilton, Birmingham, 
has returned to New Zealand and is now electrical engineer 
for the Auckland Branch of Messrs. A. S. Peterson & Co., 
agents for the Swedish General Electric. 


Ratrpw D. Wicuman, electrical and civil engineer with the 
Pacific Gas and Electrie Co., San Francisco, for the past three 
and a half years, in charge of design of transmission substations, 
distribution substations, steam generating stations and steam 
heating plants, is now associated with Wichman & Albers, 
Engineers Service Bureau, San Francisco. : 

Louis D. Fuercumr, Assistant Examiner, U. S. Patent Office, 
having graduated from George Washington University with 
degree of LL.B., took the District of Columbia Bar Examinations, 
June 1925, and will now hold position with Darby & Darby, New 
York City, as Patent Attorney, specializing in radio work. 
He resigned from the Patent Office July Ist, 1925. 

Evaar W. Brocxmeyerr, who has been chief engineer of the 
Master Electric Company, Dayton, Ohio, since its incorporation 
five years ago, has resigned to join Mr. S. A. Brown, former 
vice-president and sales manager of the Leland Electric Mfg. Co., 
in the formation of a new company to be known as the Brown- 
Brockmeyer Co., Dayton, Ohio. Mr. Brockmeyer will be 
its vice-president. 

W. R. Puipvrs has become division manager for The Wichita 
Gas Company, Wichita, Kansas. Mr. Phipps is a veteran 
Publie Service official, having been for fifteen years with the 
Henry L. Doherty organization, owners of this new gas company, 

C. GALLAGHER, since leaving England, has been made assist- 
ant engineer and designer for Elder Smith & Company, Ltd., 
Perth, Western Australia. 

Leo A. Souvery, after several years with the Ebro Irrigation 
and Power Co., Barcelona, Spain, as superintendent of one of the 
operating and maintenance departments, and later engaged in 
consulting engineering and commerical work in several Kuropean 
countries, has returned to New York City and is at present en- 
gaged in appraisal work of the N. Y.- Edison Co., same being 
made by Murrie & Co., Engineers. 


Wiuimer P. Housen, who has held a position as assistant dis- 
tribution engineer with the Pennsylvania Power & Light Com- 
pany, Allentown, Pa., has resigned to accept the position of senior 
engineer in Distribution and Transmission section, Engineering 
Dept. of the Philadelphia Co., Pittsburgh. The principal 
subsidiaries of this company are the Duquesne Light Co., the 
Pittsburgh Railway Company and the Equitable Gas Co., all of 
which operate in the vicinity of Pittsburgh. 


DuaGa.tp C. Jackson, Jr., has been placed in charge of the 
Department of Mechanical and Electrical Engineering at the 
Speed Scientific School, a new school of the University of Louis- 
ville. This school is to be run on a cooperative basis with the 
industries in and about Louisville, and Professor Jackson will 
receive the first students this Fall. For the past two 
years he has been assistant professor in charge of Electrical 
Engineering at Trinity College, Duke University, Durham, N. C. 


Cuartes S. Rurrner, Vice-President and General Manager 
of the Adirondack Power & Light Corporation, Schenectady, 
N. Y., has been elected President of the Mohawk-Hudson Power 
Corporation, a large holding corporation now seeking authority 
to acquire the capital stock of the utility corporations serving the 
Mohawk and upper Hudson valleys. Mr. Ruffner has been 
connected with the power industry for over twenty years, having 
been with the Mississippi River Power Distributing Co., the 
Union Electric Light & Power Co., the North American Co., 
and subsidiary companies in capacity of vice-president during 
that period Mr. Ruffner served as a Manager of the Institute 
fron: 1916 to 1920 and Vice-President from 1920-21. He has also 
been a member of many A. I. E. E. committees. He entered - 
the Institute in 1902 and became a Fellow in 1912. 
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Obituary 

Herbert M. Beechinor, who for some time past has been 
associated with the Electrical Testing Laboratories, New York 
City, in the capacity of Assistant Engineer in Cable inspection, 
died at the Mount Vernon hospital July 20th, after a brief ill- 
ness. Mr. Beechinor was a native of Mount Vernon, N. Y. 
Born in the year 1884, his schooling was through the Classon 
Point Military Academy, Notre Dame University and Uni- 
versity of Michigan, where he took a three and a half years’ 
course in Electrical Engineering, graduating in 1906. After 
graduation, he spent five and a half years in the Testing Depart- 
ment of the New York Edison Company, one year with the 
Duquesne Light Company, Pittsburgh, Pa. and one year with the 
American Electric Fuse Company, Cleveland, Ohio. He joined 
the Institute in 1920. 

James Roy Portnell, superintendent of the electrical distri- 
bution department of the Union Electric Light and Power 
Company, Duluth, Minn., died July 2d in St. Luke’s hospital, 
that city. Mr. Portnell left St. Louis, where he has recently 
made his home, June 18th, for Minnesota, where he expected to 
spend his vacation fishing in Vermillion Lake, but was suddenly 
stricken and did not survive to return from the hospital to which 
he was taken for treatment. Born in Iuka, Kansas, January 
25, 1886, Mr. Portnell’s general and technical education after 
elementary schooling was through the University of Arkansas, 
where he took his course in electrical engineering. He has been 
with the Union Electric Light and Power Company since 1906, 
and his progress had been steady. Entering as draftsman in 
1907, he became distribution engineer and in 1916 was promoted 
to superintendent in charge of aerial and underground construe- 
tion, maintenance and operation of the electrical distribution 
and transmission system of the City of St. Louis. He became a 
member of the Institute in 1923 and his record with the Union 
Electric Light and Power Company speaks for itself with regard 
to his accomplishment in technical development. 

Stephen Jay Fuller, an Associate of the Institute since 1920, 
passed away recently. Mr. Fuller was born at River Falls, Wiscon- 
sin, Dec. 6th, 1879. In1899he graduated from the Larimore High 
School, North Dakota, and in 1908 from the University of North 
Dakota College of Mechanical Engineering. In 1909 he enteredSib- 
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Journal A. I. E. E. 


ley College, Cornell University, for a three years’ course, teaching 
engineering and studying electrical engineering as a post gradu- 
ate student. While attending the Larimore High School, he 
started his practical career as an apprentice in the Municipal 
Electric Light Company, Larimore, and from 1900 to 1909 
served as electrician and electrical superintendent in various 
places in North Dakota and Jennings, Ja. In 1912 he was made ~ 
assistant to the assistant manager of the Hastern Michigan 
Power Company, Jackson, Mich., but in 1917 entered the em- 
ploy of the Michigan Railway Company, Albion, Michigan, as 
inspector of electric car equipment. In 1918 Mr. Fuller served 
in the Navy Department as inspector of electrical equipment, 
testing new and untried apparatus to determine the suitability 
of same for government service. At the time of his death, he 
was Insurance Engineer for the Consolidation Coal Company, 
New York City. 

Harold Hayward Clark, chief engineer of the Wico Electrie 
Company of West Springfield, Mass., and for many years chief 
electrical engineer of the United States Bureau of Mines, Pitts- 
burgh, died at Ellsworth, Me., his native town, July 8th, after a 
long illness. In his early life, he attended common school and 
High School at Ellsworth, thence becoming a freshman in 
Worcester Polytechnic Institute, where he remained through his 
sophomore year. He then went to the University of Maine, 
Orono, Maine, for his junior and senior years of college, gradu- 
ating from the electrical engineering course with a degree of 
B. M. E. in electricity, in 1899. He also returned for a post 
eraduate course to obtain the E. E. degree. In 1899 he became 
instructor in mechanical drawing and descriptive geometry at 
the University of Maine, but left in 1900 to take a practical 
position in the Testing and Engineering Department of the 
General Electric Company. He remained with them until 1907, 
when he entered the United States Navy Department as elec- 
trical expert aid. In 1909 he was chosen electrical engineer of 
the U. S. Geological Survey, and it was during that year that he 
joined the Institute as an Associate; in 1912 he changed his grade 
to Member. In1922,Mr. Clark was with the Witherbee Igniter 
Company, Springfield, Mass., but returned to the Wico Elec- 
tric Company in 1923, to become their chief engineer, the capac- 
ity in which he was serving at the time of his death. 
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Past Section and Branch Meetings 


CT eS se 


SECTION MEETINGS 


Cleveland 


Address by Farley Osgood, National President, A. I. E. E. 
Several motion pictures were shown. The following 
officers were elected: Chairman: C. L. Dows; Secretary- 
Treasurer, J. F. Schnable. May 21. Attendance 103. 


Detroit-Ann Arbor 


Radio Communication, by G. H. Clark, Radio Corporation of 
America. Illustrated with slides and moving pictures. 
. The following officers have been elected: Chairman, G. B. 
McCabe; Vice-Chairman, F. H. Biddle; Secretary-Treasurer, 

H. Cole. June 16. Attendance 100. 


Erie 


Early History of the Electrical Art, by James Burke, Burke-Elec- 
trie Co., and M. J. Fogarty, M. L. Elder, Hermann Lemp 
and Wm. H. Reynolds, all of General Electric Co. Illus- 
trated with slides. June 9. Attendance 80. 


Kansas City 


Prime Movers, by F. 8. Dewey, Kansas City Power & Li 
June 11. Attendance 23. vee ee 


Los Angeles 


Inspection trip to the new 30,000-kw. steam plant of the Los 
Angeles Gas and Electrie Corporation at Seal Beach. 
Dinner was served at the California Institute of Technology, 
after which Professor R. W. Sorensen conducted a number 

_ of interesting experiments in the physics laboratory and the 
million-volt testing laboratory. June 13. Attendance 161. 


Milwaukee 


The Essentials of City Planning, by G. 8. Rogers, City Planning 
Engineer of Milwaukee. The speaker traced city planning 
from the Roman days on, devoting a large part of his talk 
to automobile traffic. Joint meeting with Milwaukee 
Engineers’ Society. The following officers were elected: 
Chairman, H. R. Huntley; Secretary, L. F. Seybold. June 
17. Attendance 40. 


San Francisco 


’ Transmission of Pictures over Telephone Lines, by A. J. Champ- 


reux, Pacific Telephone & Telegraph Co. The talk was 
illustrated by a complete sending and receiving station. 
April 24. Attendance 240, i 
Our Present Prosperity and the Engineer, by W. G. Vincent, Jr., 
Pacifie Gas & Electric Co., and 
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Aug. 1925 


The Value of Graphic Expression as Applied to Engineering, by 
Henry Bosch, Jr., Pacific Gas & Electric Co. Dinner was 
served by the Pacific Gas and Electrie Company. May 22. 
Attendance 250. 

Spokane 


Annual Meeting. The following officers were elected: Chair- 
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BRANCH MEETINGS 


Marquette University 
Transverse Armature Reaction of Synchronous Motors, by Messrs. 
McClurg and Kempf. The following officers were elected: 
Chairman, C. H. Legler; Vice-Chairman, R. M. Franey; 


man, G. S. Cooey; Vice-Chairman, J. Wimmer; Secretary- Secretary, M. J. Smith; Treasurer, U. Carniero. May 21. 
Treasurer, R. McKay. A dinner preceded the meeting. Attendance 35. 
June 5. Attendance 17. University of South Dakota 
Toledo Illustrated lecture. May 29. Attendance 22. 
Annual Dinner. The following officers were elected: Chairman, . : ; ; 
A. H. Stebbins; Vice-Chairman, O. F. Rabbe; Secretary- University of Southern California 
‘Treasurer, Max Neuber. June 12. Attendance 20. Business Meeting. May 28. Attendance 30. 


Engineering Societies Library — | 


fe Th 


The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


Itts administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, ts charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p.m. 


BOOK NOTICES JULY 1-30, 1925 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

ALTERNATING CURRENTS AND TRANSIENTS, TREATED BY THE 
Rotating Vector Mrruop. 

By F. M. Colebrook. N. Y., McGraw-Hill Book Co., 1925. 
195 pp., 9x Gin. cloth. $3.00. 

Written to provide students of electricity with a knowledge 
of this useful method for the solution of many problems encoun- 
tered in the study and practise of electrical engineering. The 
method is developed as simply as possible in the first part of 
the book, the remainder being given to illustrations of its appli- 
cation in certain typical branches of electrical theory. 

America’s Greatest Dam, Muscim SHoats, ALA. 

By William Benjamin West. 2nd edition. N. Y., Frank E. 
Cooper, 1925. 62 pp.,illus.,8x1lin. cloth. $2.00. 

A general, popular review of the Muscle Shoals project, with 
descriptions of the two nitrate plants situated there, and of the 
Wilson Dam. Illustrated by many photographs. 

Bav Grosser ELeKTRiIzITATSWERKE. 

By G. Klingenberg. 2nd edition. Berlin, Julius Springer, 
1924. 608 pp., illus., diagrs., plates, 11 x 8 in., boards. 45.-gm. 

A revised and improved edition, in one volume, of this im- 
portant work. Much pew material has been incorporated and 
many parts of the book have been rewritten, while the entire 
arrangement of the matter has beeer altered to a more logical one. 

The work is now arranged in nine chapters. The first sets 
forth the theoretical principles involved. Chapter two discusses 
the relation between size and factor of use, and the economy and 
the cost of power. The supply of electricity to large cities is then 
considered, followed by a discussion of the distribution of power 
over large districts. The author then takes up the right lines 
for the design of large electric plants. . 

_ The succeeding three chapters present in detail three typical 
examples of actual plant construction. 

Car Buripers’ Cyctorepia or AMERICAN Practice. 11th 
edition, 1925. Comp. & edited for the American Railway Asso- 
ciation, Division V, Mechanical, by Roy V. Wright and Robert 
C. Augur. N. Y., Simmons-Boardman Pub. Co., 1925. 1162 
pp., illus., diagrs., 12x 9 in., cloth. $8.00. 


The new edition is similar to that issued in 1922, but the work 
has been brought up to date by including the new designs that 
have appeared and by carefully revising the older material, so 
that current practice is fully covered. 

CHEMISTRY OF ENGINEERING MATERIALS. 

By Robert B. Leighou. 2nd edition. N. Y., McGraw-Hill 
Book Co., 1925. (International chemical series). 538 pp., 
ilus., 8x6 in., cloth. $4.00. 

The purpose of this book is to provide a textbook of industrial 
chemistry suited to the needs of students of structural and me- 
chanical engineering. It presents, in suitable compass. informa- 
tion concerning the chemical properties of the materials used in 
building and in machinery, from the viewpoint of the user rather 
than of the maker. 

This edition has been thoroughly revised and partly. 
ConsrructTION or WELLS AND Borr-Ho.es FoR WATER SUPPLY. 

By J. E. Dumbleton. Lond., Crosby Lockwood & Son, 1925. 
134 pp., illus., 9x 5in., cloth. 10s 6d. 

An English work intended to condense in a general practical 
manner many subjects connected with well work. Discusses 
the theory of springs, the yield of wells, construction of wells, 
well drilling, pumps, the properties and methods of analysis of 
water. Intended to replace Swindell and Burnell’s ‘“‘Rudimen- 
tary Treatise on Wells and Well-Sinking.”’ 

Cours D’aviaTtIon. 

By A. Desaleux. Paris, Gauthier-Villars & Cie., 1925. 246 
pp., diagrs., 10x 7 in., paper. 35 fr. 

A textbook for beginners, based on experience as an instructor 
and as a flyer. Covers the elements of aeronautics, including 
aerodynamics and its application to air-planes, the construction 
of air-planes, instruments, operation of motors, use of maps and 
the principles of meteorology. 

ENTWERFEN IM KRANBAU. 

By Rudolpf Krell, with a supplement, ‘‘Elektrische Kranaus- 
rustungen,” by Christian Ritz. Mun. u. Ber., R. Oldenbourg, 
1925. 2v.:v.1, Text; v. 2, Plates. 13x9in., cloth. 32.-mk. 


” This work is not intended so much for use as a textbook on 
crane design, as to be a handbook for designers. The book 
discusses the various elements of cranes—keys, bolts, rivets, 
chains, ropes, drums, tackle, bearings, axles, brakes, gearing, 
ete.—giving the necessary formulas and numerical data, with 
diagrams from which the proper dimensions for ordinary cases 
may be obtained at once. The atlas contains over one thousand 
sketches of crane details and many usefulgraphs. In the appen- 
dix are a number of examples, fully solved, which show the 
use of these tables. 
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Franz REULEAUX, UND SEINE KINEMATIK. 

By Carl Weihe. Berlin, Julius Springer, 1925. 
ports., 8 x 5in., boards. 3.-gm. 

An appreciative sketch of the man and his work, by a former 
pupil. The main events 1m Reuleaux’s career as an inyesti- 
gator and teacher are considered, and a chapter given to a 
consideration of the philosophy, and influence of his concep- 
tion of kinematics. Reuleaux’s important paper, Kultur und 
Technik’ is republished and there is a bibliography of his writings 
Friction CLUTCHES. 

By R. Waring-Brown. Lond. & N. Y., Isaac Pitman & Sons, 
1924. 124 pp., illus., tables, 7 x 5 in., cloth. $1.50. 

A concise, yet comprehensive presentation of the principles 

involved in the design and operation of friction clutches. Many 
recent devices are described and modern applications to many 
classes of machinery are shown. 
Locomotive CyYcLopepIaA OF AMERICAN Practice. Seventh 
edition, 1925. Comp. & edited for the American Railway Asso- 
ciation, Division V. Mechanical, by Roy V. Wright and Robert 
G. Augur: Ne YY Simmons-Boardman Pub. Co., 1925. 1130 
pp., illus., diagrs., 12 x 9 in., cloth. $8.00. 

The seventh edition retains the arrangement of matter adopted 
in 1922, by which all matter relating to each specific subject is 
grouped in a single chapter. The division into chapters, how- 
ever, has been improved and the arrangement changed to a more 
convenient one. ; ; ; 

The new edition includes the new designs of locomotives and 
appliances which have been developed in recent years. Like its 
predecessors, it gives the specifications of the American Railway 
‘Association, a wealth of drawings of locomotives, details and 
appliances, general illustrations, and descriptive matter issued 
by manufacturers. 

MicHarL FARADAY. 

By Wilfrid L. Randell. Bost., Small, Maynard & Co., 1924. 
192 pp., port., 7x 5in., cloth. $1.75. 

A brief, readable life of Faraday, which attempts to present 
the man rather than the scientist. The author has made use of 
documents that were previously inaccessible, as well as of the 
standard biographies. 

Mopern GaGiInGa PRACTICE. 

By Albert A. Dowd and Frank W. Curtis. N. Y., Engineering 
Magazine Co., 1925. (Industrial Management Library). 280 
pp., illus., tables, 9x 6in., cloth. $3.00. 

ne: descriptive work upon the limit system, gaging and inspec- 
tion as used in interchangeable manufacture. The book is 
intended to acquaint laymen and novices with these matters 
and therefore omits highly technical descriptions. 

Mopern Practice 1x Minina. 

3y R. A. S. Redmayne. 3rd edition. Lond. & N. Y., Long- 
mans, Green & Co., 1925. 2 v., illus., diagrs., tables, 9 x 6 in., 
cloth. $3.75 each. . 

‘These books are the first of a new edition of this work which 
will be completed in five volumes. The work is intended as a 
comprehensive manual on coal mining, each volume heing com- 
plete on a distinct department of the subject. 

Volume one opens with a short description of the varieties of 
coal, their composition and occurrence, Brief directions for 
determining the value of fuels are given, followed by a chapter 
on geology applied to coalmining. The remainder of the volume 
two-thirds of the book, treats of methods of boring and is of value, 
not only to coal miners but to all mining engineers. 


100 pp., 


Volume two deals with shaft sinking and lining as carried out ~ 


in British practice. 

In the main, the text is a reprint of earlier editions. Obvious 
errors have been corrected, however, certain statistics have been 
brought up to date, and a new chapter on recent boring practice 
has been added to volume one. 


Moperné MrraLLKUNDE IN THEORIE UND PRAXIS. 

By J. Czochralski. Berlin, Julius Springer, 1924. 292 pp., 
illus., diagrs., tables, 8 x 5in., boards. 12.-gm. 

Among the topics discussed are the chief varieties of binary- 
alloy solidification diagrams, the solidification diagrams of the 
commercial alloys, the principal varieties of phenomena produced 
by etching, methods of etching and the importance of molecular 
structure in foundry practice. Attention is also given to the 
crystallographic phenomena that accompany cold-working 
recrystallization diagrams and reactions, the bedding theory and 
x-ray examinations, the principles of hardening processes, the 
phenomena of inner flow and their importance in working metals. 

The book is not intended as a systematic textbook of metal- 
lography, but rather as a concise presentation of modern theories, 
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to be used as a supplement to the classic treatises on metall 
PatTeERN MAKING. 

By Joseph G. Horner. 5th edition, rev. & enl. Lond., Crosby — 
Lockwood & Son, 1925. 437 pp., illus., tables, 9 x 6 in., cloth. — 
18 s. . “i 


The new edition of this well-known work has been thorous e- 
revised and rearranged and much new matter has been added. — 
The book covers a large field, ranging from elementary construc- 
tions to the pattern work required for gear wheels and for machine ~ 

molding. 


Puystx. Edited by E. Lecher. 2nd edition. (Kultur der f 
Gegenwart . edited by Paul Hinneberg, t. 3, abt. 3, — 


bd. 1). Lpz. u. Ber., B. G. Teubner, 1925. 849 pp., 10x7in., 
boards. 36.-gm. a ; 

In this large volume, thirty-two specialists combine to givean | 
account of the evolution and present state of our knowledge of the 
physical sciences. The book attempts the difficult taskof survey- 
ing the field with sufficient detail to be useful to the physicist — 
in search of a general review of the subject, and with a style and 
simplicity that will appeal to readers whose chief scientific 
interests lie in other fields. The result is an interesting, f 
treatise, which tells the history of the various branches of physics” 
and traces the development of the theories held. 

PrincrpLes oF Pustic Hearth ENGINEERING. 

By Earle B. Phelps. N. Y., Macmillan Co., 1925. 265 pp., 
illus., tables, 9x 6 in., cloth. $3.00. 

Contents: Introductory.—Atmospherie — pollution.—Ventila- 
tion of buildings.—Municipal water supply.—Sewerage.— 
Pasteurization of milk—Lighting—DMiscellaneous environ- 
mental control.—Index. ? ; 

Represents the material used in a course on this subject 
recently established at Columbia University. The book is 
intended to furnish a public health background to the conyen- 
tional course in sanitary engineering and an enginering ylew- — 
point to the medically trained men doing public health work. 
The treatment is condensed. and treats of principles rather than 
of practice. 

SrreET TRAFFIC CONTROL. : 

By Miller McClintock. N. Y., McGraw-Hill Book Co., 1925. 


233 pp., illus., 9x 6in., cloth. $3.00. 


The author analyzes the causes of traffic difficulties in city q 
streets, with their accompanying accidents and congestion an: d 
summarizes the experiences of the larger American cities in reg F 
ing with them. The conclusions of leading experts are pre B F 

“~~ 


Addresses Wanted 

Beard, Harry F., 1232 So. 51st St., Philadelphia, Pa. an 
Darlington, Paul W., Cutler-Hammer Mfg. Co., Milwaukee, Wis. Be 
De La Rochette, G., ¢/o Westinghouse Int’l. Co., 2 Norfolk 

St. Strand, London W. C. 2, England. ; 
Gough, William J., Box 230, Sea Cliff, Long Island, N. Y. rs 
Hansen, A. Fred, 462 West 37th Street, Los Angeles, Calif. 
Hill, Edwin P., ¢/o Radio Corp. of America, Bolinas, Calif: Pia? @n 
Hoey, William B., High Tension Supplies Co., Wilmington, Del. 
Knott, Chas. E., San Luis, Obispo, Calif. 
Law, E. D., Roderfield, West Va. { 
Mitchell, H. J., 42 Second Street, Elmhurst, Long Island, N. ee 
Watkins, I. B., 124 East Symmes Street, Norman, Ohio. ‘ws 
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To facilitate the accuracy and proper entry of all addresses to be filed for _ a 
Institute records, and for the greater convenience of our members and. 
readers in furnishing same the following form is supplied. ed os 


alah de 


My resident address for mail is 


My present business connection is 
(Title) See 


(Company name and address) -..-c-cccc-eeeeeee o> 
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| Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers as a coop- 


members who are directly benefited. 


erative bureau available only to their membership, and maintained by contributions from the societies and their individual 


MEN AVAILABLE.—Brief announcements will be published without charge and will not be repeated, except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 


period of three months and are renewable upon request. 


EMPLOYMENT SERVICE, 33 
the month. E 


West 39th Street, New York City, 


Notices for this Department should be addressed to 
and should be received prior to the 15th of 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
tnvited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of §10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 
tt ts hoped, be sufficient not only to maintain, but to increase and extend the service. . 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case and with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


ENGINEER, who has had at least five years’ 
industrial experience. Work involves planning 
for requirements for a manufacturing plant. 

_ Must also have the ability to supervise the selec- 
tion, arrangement and installation of plant equip- 
ment. Apply by letter with full particulars. 
Location, Chicago. R-6862. 

ELECTRICAL ENGINEER, experienced in 
the manufacture and testing of magnetic material. 
Apply by letter, giving full particulars of experi- 
ence and education, state age and salary expected. 
Location, Middlewest. R-6863. 


ENGINEER, with power sales experience. 
Work will consist in dealing with and advising the 
company’s customers. A thorough knowledge 
of rates and experience in electric sales engineering 
with public utilities are essential. Graduate 
engineer preferred.. Apply by letter stating edu- 
cation, experience in detail, age and salary 
expected. Location, New York. R-6898. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, Cornell graduate 
and Westinghouse Apprentice Course; thirteen 
years’ experience in testing, inspection and other 
kinds of electrical work. Specialist on wire and 
cable, and now employed as such by consulting 
engineers on large hydroelectric development 
which is nearing completion. Location im- 
material. B-3625. 


GRADUATE ELECTRICAL ENGINEER, 
four and one-half years’ experience in construction 
and maintenance of an electrical railway, also one 
year operating and power house installation 
experience. Desires a position with a company 
offering opportunities for advancement. Avail- 
able on reasonable notice. Location immaterial. 
B-9660. 


MECHANICAL AND ELECTRICAL ENGI- 
NEEER, age 38, from Georgia. Maintenance, power 
house, steam turbine, boilers, combustion, re- 
search, efficiency, laboratory, fire prevention and 
safety. B-9035. 

RECENT ELECTRICAL ENGINEERING 
GRADUATE 1925, age 24, single, Armenian, with 
three months’ testing meters experience. desires 
operating position. Prefers to go into rail- 
way electrification work. Location immaterial. 
Available at once. Speaks English, Armenian, 
- Turkish and can understand French and Arabic. 
_ Willing to accept foreign services in the future. 
C-51. 


ELECTRICAL ENGINEER, university gradu- 
ate, Westinghouse trained, finished Alexander 
Hamilton Institute course. Ten years’ experience 
negotiations between small utilities and power 
transmission companies. Familiar with Federal 
Power Commission procedure and Safety Code 
applications. Will accept $3000 first year. C49. 


JUNIOR ENGINEER, electrical, age 24, B. S. 
in E.E. Has had eleven months’ experience with 
large electric utility in Middlewest. Reason for 
change, desires employment in industrial, or 
utility work in the South. Available on reason- 
able notice. C-141. 


YOUNG ELECTRICAL ENGINEER desires 
a permanent position with an engineering organi- 


zation. Westinghouse Electric and Manufac- 
turing Company and West Penn Company 
experience. B-9508. 


ELECTRICAL ENGINEER, age 33, twelve 
years’ experience in physical research, seven years’ 
in radio work, including research on most recent 
phases of radio receiving apparatus. Thorough 
scientific and practical knowledge of radio equip- 
ment. Will consider responsible position with 
manufacturer of radio apparatus. B-165. 


ELECTRICAL ENGINEER OR SUPERIN- 
TENDENT, graduate of leading engineering 
college, having long and practical experience with 
both hydro and steam generating stations, with 
transmission and distribution of electricity for 
public utilities and isolated plants, also applica- 
tions of electric power to various industrial uses, 
B-3618. 


ASSISTANT EXECUTIVE, technical gradu- 
ate, age 33, married, desires connection with pro- 
gressive company in commercial capacity, or 
industrial engineering firm. General experience 
covers manufacturing, time studies, plant layout, 
distribution systems, costs, sales, advertising and 
statistical studies of expenses, revenues and other 
administrative problems. Location, New Eng- 
land, New York. Available reasonable notice. 
B-9122. 

ELECTRICAL ENGINEER, gvcaduate 1917 
B. S.in EB. B., M. S., desires research, educational, 
editorial position. Two years’ power plant 
operation and maintenance, Lieut. Signal Corps: 
one year editorial work, four years’ electrical 
engineering teaching experience, elementary and 
advanced theory and laboratory. B-S82. 

GRADUATE, B. S. in E. E. from leading col- 
lege, age 22, desires engineering experience in the 


' 


electrical engineering field. Expects to combine 
study with work entered. Preferable location is 
Western Pennsylvania or proximity, others=con- 
sidered. C-98. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, technically trained, experienced in opera- 
tion, sales, plant executive work. Successful in 
economical generation of steam and electricity, 
and handling of men and materials. B-S448. 


ELECTRICAL ENGINEER, executive, broad 
experience engineering and manufacturing field. 
Expert development and design of small apparatus 
and instruments, pyrometry. Manufacturing 
methods, standardization, quantity production, 
planning, factory organization and plant layouts. 
Desires connection with manufacturing concern. 
consulting or industrial engineer operating in 
manufacturing field. American, Christian. B-2721 


ELECTRICAL ENGINEER, considerable 
experience, successful record development intricate 
electro-mechanical problems. Has been accus- 
tomed to make theoretical analysis, preliminary 


commercial survey, carrying out experiments, 
design, construction, patent routine. E. E., 
M. E. degrees. Fifteen years’ practise here and 
abroad. Position desired New York City. 
U. S. Citizen, married, 39. Minimum salary 
$4000. A-165. 


ELECTRICAL ENGINEER, age 30, technical 
school graduate, twelve years’ experience on con- 
struction, installation, maintenance and inspection 
of light, power and signal systems. Has also 
worked in the capacity of assistant consulting 
engineer, sales engineer and branch manager, 
instructor and technical writer. Desires change 
with future for executive work. Location optional. 
B-247. 


ELECTRICAL EDITOR, age single, 
graduate E. E., B. P. I. 1923, five years’ general 


29, 


electrical engineering experience, two years’ 
intensive electrical editorial work. Good execu- 
tive and administrator. Salary $2500. C-195. 

ELECTRICAL ENGINEER, | professional 


registered, technical graduate, age 35, executive 
ability with eighteen years’ experience covering 
superintendent, estimator, inspector sales engi- 
neer, production engineer, designer, consulting 
engineer in contracting and consulting engineering 
field. Desires position with responsibility afford- 
ing opportunity. B-6985. . 
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APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before August 31, 1925. 
Ackerman, G. E., Line Material Co., South 
Milwaukee, Wis. 

Agostinacchio, V., Yankee Radio Co. of America, 
Newark, N. J. 

Allende, 0. E., General Electric Co., Schenectady, 
ING ais 

Alvung, R., Standard Steel Car Co., Butler, Pa. 

Arnold, R. M., The Arnold Engineering Co., 
Chicago, Ill. 

Bazarian, M. H., (Member), Chase Metal Works, 
Waterville, Conn. 

Bennington, R. F., 
New York, N. Y. 

Bradford, A. J., General Electric Co., Schenectady, 


Hub Engineering Corp., 


N. Y. 

Buller, F. H., General Electric Co., Schenectady, 
USE NS 

Carder, R. C., Sanderson & Porter, Inc., New 
York,NY. 


Cary, C. R., (Member), Leeds & Northrup Co., 
Philadelphia, Pa. 

Daniel, L. H., Industrial Engineering Corp., 
Havana, Cuba 

Dave,!S. B., Ford Motor Co., River Rouge, Mich. 

De Santis, J., 1659 W. 11th St., Brooklyn, N. Y. 

Edson, W. W., (Member), Edison Elec. Ill. Co. of 
Boston, Boston, Mass. 

Fitch, C. S., So. California Edison Co., Big Creek, 
Calif. 


OFFICERS OF A. I. E. E 


President 
M. I. Pupin 
Junior Past Presidents 
FarLteEY OsGoop 


Vice-Presidents 
Haro_tp B. SMITH 


EpwWarRD BENNETT 
JoHN HARISBERGER 
L. F. MorEHOUSE 


H. W. EALEs 

Managers 
H. M. Hopart JOHN 
Ernest LUNN emis 
G. L. KNIGHT 1p as 


WiLi1am M. McConauey 
W. K. VANDERPOEL 
H. P. CHARLESWORTH 


H. A. 

E. C. 
National Treasurer 

Grorce A. HAMILTON 


Honorary Secretary 
RaLru W. Pope 


M. M. Fowler 


F. L. HutcHinson 
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Foster, N. C., The Ohio Public Service Co., 
Cleveland, Ohio 

Frost, G., Bristol Electric Light Co., Bristol, N. H. 

Goldsmith, L. M., (Member), Atlantic Refining 
Co., Philadelphia, Pa. 

Hansen, E. H., International News Service, New 
York, N. Y. 

Harrison, J. K. M., (Member), Harrison & Cog 
Philadelphia, Pa. 

Harvey, J. L., Adirondack Power & Light Corp., 
Schenectady, N. Y. 

Henn, W. F., General Electric Co., Philadelphia, 
Pa. 

Holtzberg, A. G., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Hon, T H., General Electric Co., West Lynn, 
Mass. 

Humphreys, J. F., Public Service Electric & Gas 
Co., Hackensack, N. J. 

Hyatt, C. B., Radio Engineer, 1701 Arch St., 
Philadelphia, Pa. , 

Isele, H. A., Pratt Institute, Brooklyn, N. Y. 

Jacobson, M., Colonial Radio Corp., Long Island 
City, N. Y. 

Kellerstedt, H. P., Pratt Institute, Brooklyn, INGY. 

Ketchum, W. D., General Electric Co., Lynn, 
Mass. 

Krebs, W. W., Roanoke Railway & Electric Co., 
Roanoke, Va. 

Leeman, W. J., U. 8S. S. Concord, c/o Postmaster, 
New York, N. Y. 

Lewis, D. L., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

McCann, ©. S., with Hugh L. Cooper & Co., 
Wilson Dam, Florence, Ala. 

McFadden, H. C., 56 Irving Place, Passaic, N. J. 

Miller, H. L., Woodfield-Thompson Co., Phila- 
delphia, Pa. 


Miller, O. G., Standard Underground Cable Co., 
New York, N. Y. 


. 1924-1925 


TT eed 


‘ 


4 


PC 


Minasian, G. T., New York Edison Co., New 
York, N. Y. 

Miroddi, 8., Brooklyn Edison Co., Brooklyn, N.Y. 

Newell, P. E., Western Electric Co., Inc., Jersey 


City, N. J. 

Peterson, R. W., Murrie & Co., Inc., New York, 
ING a 

Postal, H., 1773 Amsterdam Ave., New York, 
ING ie 


Prigmore, D. C., Bureau of Power & Light, Los 
-Angeles, Calif. * 

Pumphrey, F. H., (Member), Staten Island Edison 
Corp., Livingston, S.I., N. Y. 

Sanborn, ©. A., (Member), Cons. Elec. & Mech. 
Engineer, Los Angeles, Calif. 

Siconolfi, M., Draftsman, 1998 Madison Ave., 
New York, N. Y. 

Stein, A. P., Public Service Co. of No. Illinois, 
Evanston, Il. 

Wagner, H. A., (Member), Consulting Engineer, 
Mayer, Ariz. 

Watson, W., Sir W. G. Armstrong Whitworth & 
Co., Ltd., Deer Lake, Newfoundland 

Wonham, W. R., Montreal Tramways Co., 
Montreal, Que., Can. 

Woodbury, E., U. S. Patent Office, Washington, 
DACs 

Woods, S. R., Westinghouse Elec. & Mfg. Co., 
Murfreesboro, Tenn. 

Young, ©. E., Western Union Tel. Co., Kansas 
City, Mo. 

Total 54 


Foreign 


Goodlet, B. L., Metropolitan-Vickers Elec. Co., 
Ltd., Manchester, Eng. 

Hughes E., Municipal Technical College, Brighton, 
Eng. 

Total 2 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janiero, Brazil, S. A. 
Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 


Harris J. RYAN 


P. M. DowNING 
HERBERT S. SANDS 
W.. E. MITCHELL 
ARTHUR G. PIERCE 
W. P. Dosson 


B. WHITEHEAD 
BRYANT 
MERRIAM 


KIDDER 
STONE 


National Secretary 


The list of committees is omitted from this issue, 
being made for the administrative year commencing August 1. 
committees will be listed in the September issue. 


A. 


A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France. 

H. P. Gibbs, Tata Sons Ltd., 24 Bruce Road, Bombay—l, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

Eiji Aoyagi, Kyoto Imperial University, Kyoto, Japan. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


as new appointments are 


I. E. E. REPRESENTATION 


Journal A. I. E. EB. 


The new 


A complete list of A. I. E. E. representatives on various bodies wilkbe published 


in the September issue. 
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LIST OF SECTIONS 


Name Chairman Secretary 
Akron Ralph Higgins G. L. Sanderson, 887 Work Drive, 
Akron, Ohio 
Atlanta W. E. Gathright W. F. Oliver,Box 2211,Atlanta,Ga. 
Baltimore W.B. Kouwenhoven R. T. Greer, Lexington Building, 
Baltimore, 
Boston W.R. McCann H. Colburn, 39 Boylston 
i Street, Boston, Mass. 
Chicago George H. Jones K. A. Auty, Room 1000, Edison 
he ; Building, Chicago, III. 
Cincinnati H. C. Blackwell E. S. Fields, Union Gas & Electric 
Gs, Cincinnati, Ohio 
Cleveland Chester L. Dows J. F.. Schnable, ‘Elec. Controller 
: Pia Mfg. Co., Cleveland, Ohio 
Columb 6 F. R. Price A. Robins, 1517 Franklin Ave., 
i eer Ohio 
Connecticut A. A. Packard A. E. Knowlton, Dunham Labora- 
7 tory, Yale University, New 
7 Haven, Conn. 

Denver V. L. Board R. B. Bonney, Telephone Building, 
§ a vere Box 960, Denver, 
S olo. 

n Detroit-Ann Arbor G. B. McCabe Harold Cole, Detroit Edison Co., 
\” 2000 Second Ave., Detroit, 
a " Mich 

" Erie H. J. Hansen L CS Curtis, General Electric Co., 
: rie, Pa. 

: Fort Wayne E. L. Gaines D. W. Merchant, General Electric 

; Re sian: : Co., Fort Wayne, Ind. 

Indianapolis-Lafayette V.T. Mavity J. B. Bailey, 48 Monument Circle, 
Indianapolis, Ind. 
Ithaca J. G. Pertsch, Jr. Geo. F. Bason, Cornell University, 
f Ithaca, N. 
Kansas City F. S. Dewey Henry Cosa 509 dessin Build- 
3 ing, Kansas City, oO. 
Lehigh Valley W. H. Lesser . Brooks, Pennsylvania 
Bower & Light Co., Allentown, 
Los Angeles C. A. Heinze R. A. Hopkins, 420 S. San Pedro 
oe St., Los Angeles, Calif. 
Lynn E. D. Dickinson F. S. Jones, General ElectricCo., 
r Lynn, Mass. 

Madison L. E. A. Kelso Leo J. Peters, University of 
‘ Wisconsin, Madison, Wis. 
Mexico D. K. Lewis . Lopez, Fresno No. 111, 

: Mexico, D. F., Mexico 
Milwaukee H. R. Huntley L. F. Seybold, 446 eda Service 
5 Building, Milwaukee, Wis. 
Minnesota A. G. Dewars E. Sumpter, 940 Security 
" Building, Minneapolis, Minn. 
Nebraska P. M. McCullough C. W. Minard, 509 Electric Build- 
5 ing, Omaha, Neb. 
New York H. A. Kidder H. V. Bozell, Bonbright & Co., 
e Nassau St., New York, 
“as , Nave 
Niagara Frontier J. Allen Johnson A. W. Underhill, Jr., 605 Lafayette 
Building, Buffalo, ING Ox. 
Oklahoma FE. R. Page A. D. Stoddard, Box 382, Bartles- 
ville, Okla. 
Panama L. W. Parsons 5 38s Mcllhenny, Box 413, Balboa 
: é " Heights, C. Z. 
Philadelphia C. D. Fawcett R._H. Silbert, 2301 Market St., 
< Philadelphia, Pa. 
Pittsburgh G, S. Humphrey W. C. Goodwin, Westinghouse 
Elec. - pie. Co., East Pitts- 
burgh, P. 
Pittsfield E. D. Eby Ci Bi Kline, General Electric Co., 
Pittsfield, Mass. 
Portland, Ore. L. W. Ross J. C. Henkle, Hawthorne Building, 
F Portland, Ore. 
Providence W. P. Field F. N. Tompkins, Brown Univer- 
sity, Providence, R. I. 
Rochester A. E. Soderholm Earl C. Karker, Mechanics Insti- 
tute, Rochester, N. 
St. Louis Fred D. Lyon Ralf T. Toensfeldt, 311 City Hall, 
: St. Louis, Mo. 
San Francisco F. R. George A. G. Jones, 807 Rialto Building, 
San Francisco, Calif. 
Schenectady W. J. Davis, Jr. W. E. Saupe, Bldg. No. 41, 
General Electric Co., Schenec- 
tady, N. Y. 
Seattle E- A. Loew ._E. Mong, 505 Telephone 
ie. Building, Seattle, Wash. : 
Southern Virginia H. B. Hawkins E. W. Trafford, 1030 W. Franklin 
St., Richmond, Va. : 
Spokane G. S. Covey Richard McKay, Washington 
Water Power Co., Lincoln & 


Syracuse 


Toledo 
Toronto 


Utah 


Vancouver 


Worcester 


Total 49 


Springfield, Mass. 


Washington, D. C. 


G. W. Atkinson 
W.§C. Pearce 


A. H. Stebbins 
L. B. Chubbuck 


C. A. Keener 
John Salberg 
A. Vilstrup 


A. F. E. Horn 
E. T. Harrop 


Trent, Spokane, Wash. 
J. Frank Murray, 251 Wilbraham 
Ave., Springfield, Mass. 


L. N. Street, College of Applied’ 


Science, Syracuse University, 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Ave., 
Toledo, Ohio 

Wek: Amos, Hydro-Elec. Power 
Commission, 190 University Ave., 
Toronto, Ont. 

ie OS Tykociner, 300 Electrical 
Laboratory, University of Illi- 
nois, Urbana, Ill. 

D. L. Brundige, Utah Pr. & Lt. 
Co., Box 1790, Salt Lake City, 
Utah, 

C. W. Colvin, B. C. Elec. Railway 
Co., Hastings St., Vancouver, 
BC 


L. EB. Reed, 482 G St, S. W., 
Washington, Dz GC; 

Fred B. Crosby, 15 Belmont St., 
Worcester, Mass. 


LIST OF BRANCHES 


Name and Location Chairman 
Alabama Poly Inst., Auburn, Ala. C. W. McMullan 
Alabama, Univ. of, University, Ala. C. E. Rankin 


Arizona, Univ. of, Tucson, Ariz. 


C. A. Rollins 


Arkansas, Univ. of, Fayetteville, Ark. Hugh McCain 


Armour Inst. of Tech., Chicago, Ill. 


A. L. Steamwedel 


Brooklyn Poly Inst., Brooklyn, N. Y. J. C. Arnell 


Bucknell Univ., Lewisburg, Pa. W. A. Stevens 
California Inst. of Tech., Pasadena W. A. Lewis 
California, Univ. of, Berkeley, Calif. R.A. Hurley 


Carnegie Inst. of Tech.,Pittsburgh,Pa. G. L. LeBaron 


Case School of Applied Science, Cleve- 


land, 


Catholic Univ. of America, Washing- 


ton, 
Cincinnati, Univ. of, Cincinnati, O. 


F. B. Schramm 


K. T. Williamson 
R. T. Congleton 


Clarkson Coll. of Tech.,Potsdam,N.Y. F. H. Porter 


Clemson Agri. 
lege, S. C. 


Colorado State Agri. Coll., 


College, Clemson Col- 


R. W. Pugh 


Ft. Collins S. Aldrich 


Colorado, Univ. of, Boulder, Colo. O. V. Miller 
Cooper Union, New York E. J. Kennedy 
Denver, Univ. of, Denver, Colo. Earl Reed 
Drexel Institute, Philadelphia, Pa. debe cart 
Florida, Univ. of, Gainesville, Fla. J. Weil 


Georgia School of Tech., Atlanta, Ga. S. M. Thomas 


Idaho, University of, Moscow, Idaho 


Iowa State College, Ames, Iowa 
Iowa, Univ. of, Iowa City, lowa 
Kansas State College, Manhattan 
Kansas, Univ. of, Lawrence, Kans. 
Kentucky, Univ. of, Lexington, Ky. 
Lafayette College, Easton, Pa. 


R 
Cc 
R 
J 
E. W. 
E 
R 
Cc 


R. C. Beam 


V. Womeldorf 


G. C. K. Johnson 
. B. Mcllvain 
. H. Freese 
. K. Giovannoli 
. B. Powell 


Lehigh Univ., S. Bethlehem, Pa. Baker 
Lewis Institute, Chicago, Ill. H. Millison 
Maine, Univ. of, Orono, Me. . N. Haskell 
Marquette Univ., Milwaukee, Wis. . H. Legler 


Massachusetts Inst. 
bridge, Mass. 


Michigan State Coll., East Lansing 


of Tech., Cam- 
Stuart John 


D. D. Miller 


Michigan, Univ. of, Ann Arbor, Mich. M. H. Nelson 


Milwaukee Engg. School of, Mil- 
waukee, Wis. L. C. Eddy 
Minnesota, Univ. of, Minneapolis R. W. Kellar 


Missouri, Univ. of, Columbia, Mo. 


Missouri School of Mines and Metal- 


lurgy, Rolla, Mo. 
Montana State Coll., 
Nebraska, Univ. of, Lincoln, Neb. 
Nevada, Univ. of, Reno, Nev. 


New York, College of the City of, New 


York, N. Y. 
New York Univ., New York, N. Y. 


Woven warcuse State College, Ralachs 


North Carolina, Univ. of, Chapel Hill H. Klingenschmitt 
Leo Frank 


North Dakota, Univ. of, University 


M. P. Weinbach 


T. C. Adcock 
Bozeman, Mont. W. A. Boyer 


M. E. LaBounty 
Lloyd Crosby 


S. E. Gottschall 
D. Wright 


F. P. Dickens 


Northeastern Univ., Boston, Mass. E. H. Barker 
Notre Dame, Univ. of, Notre Dame, Ind. M. A. Brule 
Ohio Northern Univ., Ada, Ohio Seslar 
Ohio State Univ., Columbus, O. L. W. Hendershott 
Oklahoma A. & M. Coll., Stillwater B. Wrigley 
Oklahoma, Univ. of, Norman, Okla. R. E. Thornton 
Oregon Agri. Coll., Corvallis, Ore. H. E. Rhoades 
Pennsylvania State Collge, State 

College, Pa. W. L. Kochler 


Pennsylvania, Univ. of, Philadelphia H. W. Steinhoff 


Pittsburgh, Univ. of, Pittsburgh, Pa. E. A. Casey 
Purdue Univ., Lafayette, Ind. W. O. Osbon 
Rensselaer Poly. Inst., Troy, N. Y._ F. M. Sebast 


Rhode IslandState Coll.,Kingston,R.I. D. B. Brown 
Rose Poly. Inst., Terre Haute, Ind. P. Wilkens 
Rutgers University, New Brunswick, 

Stanley Hunt 


N. 
South Dakota State School of Mines, 


Rapid City, S. D. J. V. Walrod 
SouthDakota, Univ.of, Vermillion,S.D. C. Barret 
Southern California, Univ. of, Los 

Angeles, Calif. C. B. Little 


Stanford Univ., Stanford Univeristy, 
Calif. mR E. Crever 
Swarthmore Coll., Swarthmore, Pa. C. J. Wenzinger 
Syracuse Univ., Syracuse, N. Y. Ww. . Johnson 
Tennessee, Univ. of, Knoxville, Tenn. S. R. “Woods 
Texas A. & M. Coll., College Station oa A. Ward 
Texas, Univ. of, Austin, Tex. A. A. Bown 
Utah, Univ. of, Salt Lake City, Utah S. W. Pixton 


Virginia Military Inst., Lexington . F. Watson 
Virginia Poly. Inst., Blacksburg, Va. E. M. Melton 
Virginia, Univ. of, University, Va. T. M. Linville 
Washington, State Coll. of, Pullman Tom Hunt 

Washington Univ., St. Louis, Mo. W. Braken 


Washington, Univ. of, Seattle, Wash. J. Nordahl 


West Virginia Univ., Morgantown Mountain 
Wisconsin, Univ. of, Madison, Wis. N. G. Robisch 
Yale Univ., New Haven, Conn. E. H. Eames 


Total 82 


923 


Secretary 


W. E. Hooper 
Sewell St. John 
B. L. Jones 

R. T. Purdy 

W. H. Sothen 

J. H. Diercks 

R. J. Clingerman 
A. E. Schueler 
J. M. Edwards 
H. E. Ashworth 


G. J. Goudreau 


G. B. Mangam 
W. C. Osterbrook 
F. S. McGowan 


O. A. Roberts 
F. E. Bodine 
L. E. Swedlund 
A. W. Carlson 
R. L. Kuhler 
W. P. Turner 
C. Washburn, Jr. 
C. E. Burke 
James Gartin 

G. Thomas 
C. A. Von Hoene 
G. J. McKimens 
G. R. Vernon 
J. M. Willis 
P. O. Farnham 
D. C. Luce 
C. P. Meek 
S. B. Coleman 
M. J. Smith 


H. W. Geyer 
L. A. Traub 
Ss. L. Burgwin 


E. L. Ruth 
H. R. Reed 
L. Spraragen 


"J. D. Behnke 


J. A. Thaler 
C. J. Madsen 
R. C. Samuels 


Frank Kulman 
J. P. Della Corte 


H. Baum 
J. D. McConnell 
D. Donaldson 
C. M. McCoombe 
J. A. Kelley, Jr. 
Frank Boulton 
F. S. Kinkead 
K. Woodyard 
F. O. Bond 

E. Plowman 


B 

J. E. Hogan 
J. W. Emling 
J. E. Lange 
R. C. Parker 
K. C. Wilsey 
S. J. Bragg 
R. A. Reddie 


S. B. Aylsworth 


C. Allen 
H. Babb 


J. Shideler 


C. R. Walling 

J. S. Donal, Jr. 
W. E. Phillips 

F. J. Guice 

L. H. Cardwell 


S.E. Newhouse, Jr. 
J. W. Lewis 

J. U. Neill 

Stanley Roland 

F. F. Tomaino 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies. 

Switchboards.—Catalog 8700-E, 120 pp. Covers the in- 
stallation, operation and maintenance of switchboards. General 
Hlectrie Company, Schenectady, N. Y. 

Ball Bearings.—Bulletin on lubrication of ball bearings 
applied to electrie motors. Standard Steel & Bearings, Ine., 
Plainville, Conn. 

Potentiometer Pyrometers.—Catalog 8&7, 56 pp. De- 
seribes various types of potentiometer pyrometers. Leeds & 
Northrup Company, 4901 Stenton Avenue, Philadelphia, Pa. 

Transformers.—Bulletin 2046, 4 pp. Deseribes Pittsburgh 
film-type radiator for self-cooled transformers. Pittsburgh 
Transformer Company, Columbus & Preble Aves., Pittsburgh, 
Pa. 

Electrical Specialties.—Catalog 412, 60 pp. Covers a 
complete line of conduit, armored cable, metal moulding, switch 
and cutout cabinets, junction and outlet boxes. Bonnell Electric 
Manufacturing Co., 192 Chambers St., New York. 

Battery Charging Motor Generators.—Bulletin 52, 62 pp., 
describes a-c. to d-e. and d-e. to d-c. motor generators, vertical 
and horizontal types, for charging storage batteries in electric 
industrial trucks, tractors and locomotives. The Electric 
Products Co., Clarkstone Road, Cleveland, Ohio. 

Stokers.—Bulletin 1018, 32 pp. Deseribes Detroit under- 
feed stokers of the single retort type. The bulletin contains a 
number of bed eross sections showing conditions of the fire with 
respect to air distribution and movement toward the dumps. 
One section of the book is devoted to the application of the stoker 
Another section shows how 
twin settings serve very large boilers. Detroit Stoker Company, 
General Motors Bldg., Detroit, Michigan. 


to both low and high set boilers. 


NOTES OF THE INDUSTRY 


General Electric Company Orders.—Gerard Swope, 
president of the General Electric Company, announced that 
orders received by the company for the three months ending 
June 30 amount to $66,468,992, compared with $71,219,984 for 
the same period in 1924, a decrease of seven per cent. For the 
six months of the present year, orders total $150,315,228, com- 
pared with $144,707,887 for the first half of 1924, an inerease of 
four per cent. < 

Large Contract for Combustion Engineering Cor- 
poration.—The Combustion Engineering Corporation, New 
York, has been awarded the complete contract, amounting to 
approximately one million dollars, for the pulverized coal 
preparation plant, ineluding all burning equipment, such as 
water cooled furnaces, air heaters and air trans port systems which 
will convey the coal to the furnaces, to be installed in the new 
14th Street power plant of the New York Edison Company. 

New Westinghouse Office Building.—An 11-story office 
building 136 ft. high and 56 ft. wide costing approximately a mil- 
lion dollars will be built at the East Pittsburgh Works of the West- 
inghouse Eleetrie and Manufacturing Company to take eare of 
continued expansion of business. Small buildings on the site 
of the new structure have been razed, and erection of the building 
will be completed within a year. The new building will central- 
ize the office forces of the various departments which are now 
scattered throughout the factory. It will add 175,000 square ft. 
to the present office floor area at the plant: 

Allis-Chalmers to Build 50,000 Kw. Turbine.—The Allis- 
Chalmers Manufacturing Company, Milwaukee, has received an 
order for a 50,000 K. W. steam turbine unit to be installed in the 
Waukegan Station of the Publie Service Company of Northern 


INSTITUTE AND RELATED ACTIVITIES 


Illinois. This is the third unit for this station, the first being a 
25,000 K. W. Allis-Chalmers unit, which has been in operatic 
for a number of years. The second unit, a 35,000 K. W. Alli: 
Chalmers unit was placed in operation last winter. The ni 
unit as well as the two units previously installed operate i 
connection with Allis-Chalmers condensers. 

New Westinghouse Instrument Section. 


Company to ereate a separate section for instruments. 
R. T. Pierce, formerly of the Supply Engineering Section, 
will be manager of this new section, with offices located in 
Newark, N.J., where both instruments and meters 
manufactured. 

The new section will handle indicating, portable and recording 
instruments, relays, and instrument transformers. The in- 
strument transformers are being manufactured in the Sharon 
works of the company. 
at Sharon. 

S. A. Berger, Newark manager of the Meter Section, will 
remain as manager of the section, which will handle the com- 
pany’s cleetrie meters. 

135,000 H. P. at Cherokee Bluffs.—The installation of 
waterwheel-driven generators in the new Cherokee Bluffs plant 
of the Alabama Power Company will total 135,000 horse power. 
There will be three 45,000 horse power (37,500 ky-a.) units, the 
largest in the southern states. With the exception of those at 
Niagara Falls, they will be the largest in the United States. All 
of the generators are being furnished by the General Electric 
Company. Two of the waterwheels will be supplied by the 
Allis-Chalmers Manufacturing Company, and the third by the 
William Cramp and Sons Ship and Engine Building Company. 
The generators are rated 37,500 kv-a., 88 per cent power factor, 
120 r. p. m., 12,000 v., three phase, 60 cycle, vertical shaft, with 
direct-connected exciter, and General Electrie spring thrust 
bearings. It is expected that the plant, which will be inter- 
connected with the other plants of the company, will be eom- 
pleted during 1926. The water storage plant will provide the 
greatest artificial lake in the world, with an impounding capacity 
of 530 billion gallons of water. It will have a shore line of 700 
miles and will cover 40,000 acres. Roosevelt Dam Reservoir, at 
present the largest artificial body of water, holds 420 billion 
gallons. ‘ 


Engineering Professors Visit Schenectady.—Twenty-one 
professors, representing various colleges throughout the United 
States, visited the Schenectady plant of the General Electric 
Company during June and July for the purpose of obtaining first 
hand knowledge of engineering and factory methods as carried 
outina large manufacturing plant. The following professors’ 
took part in the visit lasting from June 22 to July 25 this year: 

E. A. Bureau, Univ. of Kentucky, H. V. Carpenter, Washing- 
ton State College, A. H. Casberg, Univ. of Illinois, O. E. Edison, 
Univ. of Nebraska, J. E. Emswiler, Univ. of Michigan, R. B. 
George, Oklahoma A .& M., R. W. Goddard, New Mexieo A. & 
M.A., O. K. Harlan, Penn. State College, C. W. Henderson, 
Syracuse. University, D. R. Jenkins, Univ. of No. Dakota, 
D. Kavanough, Clemson College, C. F. Lee, Virgini 
Institute, A. H. Lovell, Univ. of Michigan, W. H. 
Oregon A. & M., C. M. MeCormick, Univ. of Celorado, PFO. 
Owens, Case School of Applied Science, C. A. Perkins, Uniy. of 
Tenn., W. B. Stelzner, Univ. of Arkansas, S. C. Stovall, Georgia 
School of Tech., R. C. Warner, Yale University, E. O. Water, 
Yale University. - ; i? 


The steady 
increasing growth of the meter section, which up until now 
handled both the electric instruments as well as meters, has made 
it necessary for the Westinghouse Electric and Manufacturing — 
Mr. 


are 


Mr. Pierce will have an assistant located : 


